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Non-Invasive Tests & Biomarkers Across the Spectrum of NAFLD
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SomaSignal™

CK-18
OWL™ Metabolomics

NIS4™
SomaSignal™

Fatty Liver Index (FLI)
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NIT Applications in NASH Drug Development
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FDA-NIH Biomarker Working Group. BEST (Biomarkers, EndpointS, and 
other Tools) Resource https://www.ncbi.nlm.nih.gov/books/NBK338448/
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Diagnostic Prognostic Monitoring

Progression/Death

• Establish Diagnosis;
• Assess current Severity of Disease;
• Pre-Screening for trial entry;
• Defining inclusion/exclusion criteria for clinical trial enrolment.

• Risk-Stratify Patients;
• Trial cohort enrichment for an event or population of 

interest.

• Evidence of Exposure;
• Detect a change in the degree or extent (severity) 

of a Disease.

• Show biological response related to an treatment 
or intervention;

• Efficacy Biomarker (Trial Endpoint)
• Surrogate Endpoint.

Example Context of Use:

Predictive

• Identify individuals 
more/less likely to 
respond to a specific 
intervention.

Pharmacodynamic/Response

RX RX
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A Systematic Approach to Biomarker Evaluation

Authoritative Systematic Reviews 
& Individual Patient Data

Meta-Analyses

Biomarker Measurement &
Performance Assessment in the

Retrospective/Extant ‘LITMUS Metacohort’ (1a)

Biomarker Measurement & 
Performance Assessment in the 

Prospective ‘LITMUS Study Cohort’ (1b)

Exploration Demonstration Characterization Surrogacy

LITMUS	Accelerator

LITMUS	Demonstrator

Phase	1a	&	Phase	1b Phase	2

Biomarker	Qualification	Stage

Analytical	Performance
Clinical	Performance

Validation	Pathway
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calculated the PPVs and NPVs related to the full range of
threshold values for different levels of prevalence (Fig. 2).
Employing an ELF threshold of 7.7, the highest NPV of 0.99 was
observed when using the test in a low-prevalence setting, i.e.
when the prevalence of advanced fibrosis was no more than 5%
(Table 2, Fig. 3B). We additionally reported the performance of
the ELF test for ruling out advanced fibrosis at prevalence levels
equivalent to those that may be encountered in primary and
secondary/tertiary care settings, with prevalence values ranging
between 5% to 50%, leading to NPVs between 0.99 and 0.83,
respectively.

Table 2 and Fig. 3A show the performance of the recom-
mended high-cut-off thresholds. The high threshold of 9.8 had a
mean specificity of 0.86 (95% CI 0.77–0.92), and PPV of 0.82 and
0.91 at disease prevalences of 50% and 70%, respectively.
Adopting the higher threshold of 10.51, specificity was 0.93 (95%
CI 0.85–0.96) with a PPV of 0.82 when the disease prevalence
was 40%, but the PPV fell to just 0.26 at the 5% prevalence level,
more likely to be encountered in primary care settings. An even
higher threshold of the ELF test (11.3), showed a specificity of
0.96 (95% CI 0.90–0.99), and PPV would be 0.81 in case of a
disease prevalence of at least 30%, while this fell to 0.34 at the 5%
prevalence level.

Desired thresholds for diagnosis of advanced fibrosis
Table 3 shows the desired thresholds of the ELF test for different
fixed high sensitivities (Table 3A) and specificities (Table 3B).
These results were consistent with the findings of the previous
analysis. In low cut-offs, when the prevalence was less than 50%,
the ELF test showed high sensitivities (0.90), resulting in high
NPVs, ranging from 0.82 to 0.99. However, none of the new high
thresholds showed a high PPV (>0.80) with fixed specificities
(0.90, 0.95 and 0.98) for disease prevalences of 5–20%. At the
highest threshold of 12.01, at a fixed specificity of 0.98, the ELF
test had a PPV >0.80 in settings with a prevalence of at least 30%.

Overall accuracy of ELF test for significant fibrosis (>−F2)
Five studies were included in the meta-analysis of significant
fibrosis (Fig. S5). Fig. 4 shows the SROC curve for the significant
fibrosis meta-analysis, with an AUC of 0.81 (95% CI 0.66–0.89).
The Siemens company reported that a low threshold of 7.7 per-
formed accurately in excluding significant fibrosis, when the
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Fig. 2. Test performance for detecting advanced fibrosis. (A) Multiple
threshold ROC curves and (B) Multiple threshold SROC curve based on the
multiple thresholds model using homogenized thresholds. Circles represent
information on sensitivity and specificity. AUC: 0.83 (0.71, 0.90). Max Y-index
results: cut-off: 9.37, sensitivity: 0.73 (0.60, 0.83), specificity: 0.80 (0.68, 0.88).
AUC, area under the ROC/SROC curve; ROC, receiver-operating characteristic;
SROC, summary receiver-operating characteristic.

Table 2. Calculated sensitivities and specificities at predefined cut-offs of 7.7, 9.8, 10.51, 11.3 in advanced fibrosis and their corresponding PPVs and NPVs
for different prevalences using the multiple thresholds model.

Cut-off Sensitivity 95% CI Specificity 95% CI Prevalence PPV NPV FP* FN*

7.70 0.93 0.82–0.98 0.34 0.13–0.65 0.05
0.10
0.20
0.30
0.40
0.50
0.70

0.07
0.14
0.26
0.38
0.49
0.59
0.77

0.99
0.98
0.95
0.92
0.88
0.83
0.68

63
59
53
46
40
33
20

0
1
1
2
3
4
5

9.80 0.65 0.49–0.77 0.86 0.77–0.92 0.05
0.10
0.20
0.30
0.40
0.50
0.70

0.20
0.34
0.54
0.66
0.75
0.82
0.91

0.98
0.96
0.91
0.85
0.79
0.71
0.51

13
13
11
10
8
7
4

2
4
7
11
14
18
25

10.51 0.51 0.31–0.70 0.93 0.85–0.96 0.05
0.10
0.20
0.30
0.40
0.50
0.70

0.26
0.43
0.63
0.75
0.82
0.87
0.94

0.97
0.94
0.88
0.81
0.74
0.65
0.45

7
6
6
5
4
4
2

2
5
10
15
20
25
34

11.30 0.36 0.15–0.63 0.96 0.90–0.99 0.05
0.10
0.20
0.30
0.40
0.50
0.70

0.34
0.52
0.71
0.81
0.87
0.91
0.96

0.97
0.93
0.86
0.78
0.69
0.60
0.39

4
4
3
3
2
2
1

3
6
13
19
26
32
45

FN, false negative; FP, false positive; NPV, negative predictive value; PPV, positive predictive value.
*Number of false positives and negatives in 100 hypothetical cases.
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AUC: 0.83 (0.71 - 0.90). 

Performance of Enhanced Liver Fibrosis (ELF®) Test in NAFLD

Meta-analysis of 11 studies including 4,452 NAFLD patients

1. Vali Y et al. Enhanced liver fibrosis test for the non-invasive diagnosis of fibrosis in 
patients with NAFLD: A systematic review and meta-analysis. J Hepatol 2020;73:252-262.

ELF is a combination of 3 direct markers of fibrosis:
• Procollagen III N-terminal peptide (PIIINP)
• Hyaluronic acid (HA)
• Tissue inhibitor of metaloproteinase 1 (TIMP1)

Cut-off Se (95%CI) Sp

7.70 0.93 (0.82-0.98) 0.34 (0.13-0.65)

9.80 0.65 (0.49-0.77) 0.86 (0.77-0.92)

10.51 0.51 (0.31-0.70) 0.93 (0.85-0.96)

11.30 0.36 (0.15-0.63) 0.96 (0.90-0.99)

prevalence of significant fibrosis was at most 40%. In our meta-
analysis, the ELF test had a sensitivity of 0.97 (95% CI 0.88–0.99)
at this threshold, with high NPVs, ranging from 0.83 to 0.98 in
settings with disease prevalence lower than 40% (Table S10).

However, the test would not be able to exclude significant fibrosis
when the prevalence was very high, as in some specialist clinical
settings, where the prevalence may exceed 40%.

None of the predefined high thresholds showed high accuracy
for diagnosis of significant fibrosis when the disease prevalence
was lower than 30%. The high threshold recommended by the
NICE guideline (10.51) would have a PPV exceeding 0.80 only in
“high-prevalence” secondary or tertiary care settings, with dis-
ease prevalence more than 40% (Table S10). At lower prevalence
levels such as 5% or 10%, as may be encountered in primary care
and non-hepatology secondary-care settings, the PPV ranged
from 0.22 to 0.66 for predefined high thresholds, while at the
highest level it reached 0.66 at a threshold of 11.30.

With pre-specified high sensitivity and specificity (0.90, 0.95
and 0.98), we could evaluate other potential ELF test thresholds
for diagnosing significant fibrosis, at different disease prevalence
values (Table S11). At a pre-specified specificity of 0.98, the
highest threshold value of 10.84 resulted in a PPV >0.80, when
the prevalence was at least 30%. The plots in Fig. 5 show the
corresponding PPVs and NPVs for different ELF thresholds at
different pretest probabilities.

Sensitivity analysis
We conducted a sensitivity analysis to examine the impact on the
meta-analytic findings of including selective patients from a pop-
ulation with very high disease prevalence. One study had selec-
tively included patients with NAFLD activity score >−3 and a
majority with bridging fibrosis (F3, 31%) or cirrhosis (F4, 40%).52

Removing this study from the meta-analysis did not significantly
affect the results of the meta-analysis. The other 2 studies that
were removed from ourmeta-analysis of advanced and significant
fibrosis had long test-biopsy time intervals (>1 year). Removing
these studies from themeta-analysis did not significantly affect the
results of the meta-analysis either26,34 (Tables S12–S17).

Discussion
Because of the limitations of the liver biopsy, non-invasive tests
to accurately evaluate fibrosis and to assess NAFLD severity are of
great interest. The ELF test has been suggested by NICE guideline
as “the most cost-effective and the most appropriate test for
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Fig. 3. Predictive values for advanced fibrosis. (A, B) These plots illustrate the
corresponding (A) positive predictive values and (B) negative predictive values
for different ELF cut-offs based on the multiple thresholds model using all
available information for advanced fibrosis (1 color for each prevalence). ELF,
enhanced liver fibrosis.

Table 3. Calculated predictive values based on different prevalences of advanced fibrosis with fixed sensitivities or specificities using the multiple
thresholds model.

Prevalence

Fixed 0.90 sensitivity Fixed 0.95 sensitivity Fixed 0.98 sensitivity

Cut-off Specificity PPV NPV Cut-off Specificity PPV NPV Cut-off Specificity PPV NPV

0.05
0.10
0.20
0.30
0.40
0.50
0.70

8.10 0.47 0.08
0.16
0.30
0.42
0.53
0.63
0.79

0.99
0.98
0.95
0.92
0.87
0.82
0.66

7.40 0.26 0.06
0.12
0.24
0.35
0.46
0.56
0.75

0.99
0.98
0.95
0.92
0.89
0.84
0.68

6.60 0.10 0.05
0.11
0.21
0.32
0.42
0.52
0.72

0.99
0.98
0.95
0.92
0.88
0.83
0.68

Prevalence

Fixed 0.90 specificity Fixed 0.95 specificity Fixed 0.98 specificity

Cut-off Sensitivity PPV NPV Cut-off Sensitivity PPV NPV Cut-off Sensitivity PPV NPV

0.05
0.10
0.20
0.30
0.40
0.50
0.70

10.18 0.57 0.23
0.39
0.59
0.71
0.79
0.85
0.93

0.98
0.95
0.89
0.83
0.76
0.68
0.47

10.95 0.42 0.31
0.48
0.68
0.78
0.85
0.89
0.95

0.97
0.94
0.87
0.79
0.71
0.62
0.41

12.01 0.25 0.40
0.58
0.76
0.84
0.89
0.93
0.97

0.96
0.92
0.84
0.75
0.66
0.57
0.36

NPV, negative predictive value; PPV, positive predictive value.
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prevalence of significant fibrosis was at most 40%. In our meta-
analysis, the ELF test had a sensitivity of 0.97 (95% CI 0.88–0.99)
at this threshold, with high NPVs, ranging from 0.83 to 0.98 in
settings with disease prevalence lower than 40% (Table S10).

However, the test would not be able to exclude significant fibrosis
when the prevalence was very high, as in some specialist clinical
settings, where the prevalence may exceed 40%.

None of the predefined high thresholds showed high accuracy
for diagnosis of significant fibrosis when the disease prevalence
was lower than 30%. The high threshold recommended by the
NICE guideline (10.51) would have a PPV exceeding 0.80 only in
“high-prevalence” secondary or tertiary care settings, with dis-
ease prevalence more than 40% (Table S10). At lower prevalence
levels such as 5% or 10%, as may be encountered in primary care
and non-hepatology secondary-care settings, the PPV ranged
from 0.22 to 0.66 for predefined high thresholds, while at the
highest level it reached 0.66 at a threshold of 11.30.

With pre-specified high sensitivity and specificity (0.90, 0.95
and 0.98), we could evaluate other potential ELF test thresholds
for diagnosing significant fibrosis, at different disease prevalence
values (Table S11). At a pre-specified specificity of 0.98, the
highest threshold value of 10.84 resulted in a PPV >0.80, when
the prevalence was at least 30%. The plots in Fig. 5 show the
corresponding PPVs and NPVs for different ELF thresholds at
different pretest probabilities.

Sensitivity analysis
We conducted a sensitivity analysis to examine the impact on the
meta-analytic findings of including selective patients from a pop-
ulation with very high disease prevalence. One study had selec-
tively included patients with NAFLD activity score >−3 and a
majority with bridging fibrosis (F3, 31%) or cirrhosis (F4, 40%).52

Removing this study from the meta-analysis did not significantly
affect the results of the meta-analysis. The other 2 studies that
were removed from ourmeta-analysis of advanced and significant
fibrosis had long test-biopsy time intervals (>1 year). Removing
these studies from themeta-analysis did not significantly affect the
results of the meta-analysis either26,34 (Tables S12–S17).

Discussion
Because of the limitations of the liver biopsy, non-invasive tests
to accurately evaluate fibrosis and to assess NAFLD severity are of
great interest. The ELF test has been suggested by NICE guideline
as “the most cost-effective and the most appropriate test for
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Fig. 3. Predictive values for advanced fibrosis. (A, B) These plots illustrate the
corresponding (A) positive predictive values and (B) negative predictive values
for different ELF cut-offs based on the multiple thresholds model using all
available information for advanced fibrosis (1 color for each prevalence). ELF,
enhanced liver fibrosis.

Table 3. Calculated predictive values based on different prevalences of advanced fibrosis with fixed sensitivities or specificities using the multiple
thresholds model.

Prevalence

Fixed 0.90 sensitivity Fixed 0.95 sensitivity Fixed 0.98 sensitivity

Cut-off Specificity PPV NPV Cut-off Specificity PPV NPV Cut-off Specificity PPV NPV

0.05
0.10
0.20
0.30
0.40
0.50
0.70

8.10 0.47 0.08
0.16
0.30
0.42
0.53
0.63
0.79

0.99
0.98
0.95
0.92
0.87
0.82
0.66

7.40 0.26 0.06
0.12
0.24
0.35
0.46
0.56
0.75

0.99
0.98
0.95
0.92
0.89
0.84
0.68

6.60 0.10 0.05
0.11
0.21
0.32
0.42
0.52
0.72

0.99
0.98
0.95
0.92
0.88
0.83
0.68

Prevalence

Fixed 0.90 specificity Fixed 0.95 specificity Fixed 0.98 specificity

Cut-off Sensitivity PPV NPV Cut-off Sensitivity PPV NPV Cut-off Sensitivity PPV NPV

0.05
0.10
0.20
0.30
0.40
0.50
0.70

10.18 0.57 0.23
0.39
0.59
0.71
0.79
0.85
0.93

0.98
0.95
0.89
0.83
0.76
0.68
0.47

10.95 0.42 0.31
0.48
0.68
0.78
0.85
0.89
0.95

0.97
0.94
0.87
0.79
0.71
0.62
0.41

12.01 0.25 0.40
0.58
0.76
0.84
0.89
0.93
0.97

0.96
0.92
0.84
0.75
0.66
0.57
0.36

NPV, negative predictive value; PPV, positive predictive value.
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Cut-off Se Sp Prev PPV NPV
9.80 0.65 0.86 0.05 0.19 0.98

0.10 0.33 0.96
0.20 0.53 0.91
0.30 0.66 0.85
0.40 0.75 0.78

11.30 0.35 0.96 0.05 0.33 0.97
0.10 0.51 0.93
0.20 0.70 0.86
0.30 0.80 0.78
0.40 0.86 0.69

7.70 7.7011.30 11.30
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Defining the Target Condition: ‘At-Risk’ NASH & ‘Advanced Fibrosis’

F0 > F1a > F1b >> F2      >>>        F3                    >>>                 F4

NAFL NASH

Pre-cirrhotic Fibrosing-NASH

“NAS ≥4 + F2-3 Fibrosis”

Diagnostic

“At-Risk NASH”

Advanced Fibrosis

“F3-4 Fibrosis”

12

Thresholds to Control Screen Failure Rates for Pre-Screening in Clinical Trials

LITMUS Metacohort: To control biopsy screen failure rate to <1:3 for ‘At-Risk NASH’ (NAS ≥4, F≥2) at a 35% prevalence

Marker Sensitivity Specificity

Number of
positive patients 

undergoing biopsy
(Per 100)

Number of 
eligible patients 

found
(Per 100)

Number needed 
to test

SomaSignal 0.67 0.82 35 24 4

ADAPT 0.47 0.88 24 16 6

MACK-3 0.41 0.89 21 14 7

PRO-C3 0.33 0.92 17 11 9

FIBC3 0.28 0.93 14 10 10

CK-18 M30 0.25 0.93 13 9 11

PRO-C6 0.18 0.96 9 6 16

PRO-C4 0.12 0.97 6 4 23

CK-18 M65 0.12 0.97 6 4 24

No marker - - 100 35 -
* No acceptable performance threshold was found for APRI, NFS, FIB-4 or ELF. 

1. Vali, Lee et al. ‘Comparative diagnostic accuracy of blood-based biomarkers for staging 
at-risk NASH in NAFLD: first results of the LITMUS project’, under review, 2022

14
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Performance of the NIS4 Score for ‘At-Risk’ NASH (NAS≥4 + F≥2)

Articles

8 www.thelancet.com/gastrohep   Published online August 3, 2020   https://doi.org/10.1016/S2468-1253(20)30252-1

The so-called grey or indeterminate zone comprised 
71 (30%) of 239 patients in the discovery cohort, indicating 
the NIS4 test yielded actionable clinical results in 168 
(70%) patients.

The AUROC for the NIS4 algorithm was similar 
between the external validation cohorts (figure 2, table 2). 
Test performance at the lower cutoff for rule out, at the 
upper cutoff for rule in, and the percentage of indeter-
minate results were also consistent across the external 
validation cohorts (table 2).

In the pooled validation cohort, 289 (41%) of 702 patients 
had a NIS4 value of less than 0∙36 and were classified as 
not having at-risk NASH with 81·5% sensitivity and 
63·0% specificity (table 2). Among patients with a NIS4 
value of less than 0∙36, 224 (78%) of 289 patients were 
well classified (either NAS ≤3 with any fibrosis score, or 
fibrosis stage ≤1 with any NAS score), 52 (18%) were 
borderline classified (either NAS ≥4 and fibrosis stage 2, 
or NAS 4 and fibrosis stage ≥2), and 13 (4%) were 
misclassified (ie, NAS ≥5 and fibrosis stage ≥3; 
appendix p 6). Within the group of patients who were well 
classified, 72 (32%) of 224 had no fibrosis (fibrosis 
stage 0), 122 (54%) had fibrosis stage 1, 30 (13%) had 
NAS 3 or less and fibrosis stage 2 or more, and 99 (44%) 
had both NAS 3 or less and fibrosis stage 1 or less. Among 
patients classified as borderline, 50 (96%) of 52 patients 
had NAS 4 or more and fibrosis stage 2, and two (4%) had 
NAS 4 and fibrosis stage 3. All of the 13 patients who were 
misclassified had NAS 5 or more and fibrosis stage 3.

Conversely, 221 (31%) of 702 patients in the pooled 
validation cohort had a NIS4 value of more than 0∙63 and 
were classified as having at-risk NASH with 87·1% 
specificity and 50·7% sensitivity (table 2). Among patients 
with a NIS4 value of more than 0∙63, 178 (81%) of 221 were 
well classified (ie, NAS ≥4 and fibrosis stage ≥2), 32 (14%) 
were borderline classified (either NAS ≥3 and fibrosis 
stage 1, or NAS 3 and fibrosis stage ≥1), and 11 (5%) were 
misclassified (either any NAS score and fibrosis stage 0, 
or NAS ≤2 and any fibrosis stage score; appendix p 6). 
Within the well classified group of patients who all had 
NAS 4 or more, 58 (33%) of 178 had fibrosis stage 2, 
105 (59%) had fibrosis stage 3, and 15 (8%) were cirrhotic 
(fibrosis stage 4). Among borderline classified patients, 
24 (75%) of 32 had NAS 3 or more and fibrosis stage 1, 
whereas the remaining eight (25%) had NAS of 3 and 
fibrosis stage 2–3. Of patients who were misclassified, 
two (18%) of 11 had no fibrosis (fibrosis stage 0), 
seven (64%) had no NASH (NAS ≤2) and non-cirrhotic 
fibrosis (fibrosis stage 1–3), and two (18%) had no NASH 
(NAS ≤2) and cirrhosis (fibrosis stage 4).

192 (27%) of 702 patients in the pooled validation 
cohort had neither a NIS4 value of more than 0∙63 nor 
less than 0∙36, which categorised results into an 
indeterminate or so-called grey zone. Of these patients, 
107 (56%) had at-risk NASH (NAS ≥4 and fibrosis 

Discovery cohort 
(n=239)

RESOLVE-IT diag  
validation cohort 
(n=475)

Angers validation 
cohort (n=227)

Pooled validation 
cohort (n=702)

Prevalence of 
at-risk NASH*

104 (44%) 260 (55%) 85 (37%) 345 (49%)

AUROC (95% CI) 0·80 (0·73–0·85) 0·83 (0·79–0·86) 0·76 (0·69–0·82) 0·80 (0·77–0·84)

Rule out

Low cutoff <0·36 <0·36 <0·36 <0·36

n 108 (45%) 175 (37%) 114 (50%) 289 (41%)

Sensitivity 80·8% (71·6–87·6) 83·5% (78·3–87·7) 75·3% (64·5–83·7) 81·5% (76·9–85·3)

Specificity 65·2% (56·5–73·0) 61·4% (54·5–67·9) 65·5% (57·0–73·1) 63·0% (57·8–68·0)

Negative 
predictive value

81·5% (72·6–88·1) 75·4% (68·3–81·5) 81·6% (73·0–88·0) 77·9% (72·5–82·4)

Indeterminate

n 71 (30%) 143 (30%) 49 (22%) 192 (27%)

Rule in

High cutoff ≥0·63 ≥0·63 ≥0·63 ≥0·63

n 60 (25%) 157 (33%) 64 (28%) 221 (31%)

Sensitivity 45·2% (35·5–55·2) 51·5% (45·3–57·7) 48·2% (37·4–59·3) 50·7% (45·3–56·1)

Specificity 90·4% (83·8–94·6) 89·3% (84·2–93·0) 83·8% (76·5–89·3) 87·1% (83·1–90·3)

Positive 
predictive value

78·3% (65·5–87·5) 85·4% (78·6–90·3) 64·1% (51·0–75·4) 79·2% (73·1–84·2)

Data are n (%) or percentage (95% CI), unless otherwise specified. AUROC=area under the receiver operating 
characteristics curve. NASH=non-alcoholic steatohepatitis. *At-risk NASH was defined as non-alcoholic fatty liver 
disease activity score 4 or more and liver fibrosis stage 2 or more.

Table 2: NIS4 performance metrics to discriminate patients with or without at-risk NASH

Figure 3: Comparison of ROCs and AUROCs obtained in the pooled validation 
cohort (n=702)
Comparisons were between NIS4 and other blood-based diagnostic scores and 
VCTE for identification of patients with at-risk NASH (defined as NAS ≥4 and 
fibrosis stage ≥2). ALT=alanine aminotransferase. APRI=AST-to-platelet ratio 
index. AST=aspartate aminotransferase. AUROC=area under receiver operating 
characteristics. BARD=BMI, AST/ALT ratio and diabetes score. BMI=body-mass 
index. ELF=Enhanced Liver Fibrosis. FIB-4=Fibrosis-4. NAFLD=non-alcoholic 
fatty liver disease. NFS=NAFLD Fibrosis Score. NAS=NAFLD activity score. 
NASH=non-alcoholic steatohepatitis. ROC=receiver operating characteristics. 
VCTE=vibration-controlled transient elastography. *Data were not available for 
the Angers cohort. †Data were not available for the RESOLVE-IT diag cohort.
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stage ≥2), 53 (28%) had borderline at-risk NASH (either 
NAS 3 and fibrosis stage ≥1, or NAS ≥3 and fibrosis 
stage 1), and 32 (17%) did not have at-risk NASH (any 
NAS score and no fibrosis [fibrosis stage 0], or NAS ≤2 
and fibrosis stage ≥1; appendix p 6). Similar classification 
analyses were done for FIB-4, NFS, APRI, ELF, and 
VCTE (appendix pp 7–11).

Mean PPV and NPV metrics for NIS4 as a function of 
varied disease prevalence (5–70%) were also generated 
from the pooled validation cohort to illustrate test 
performances within different clinical contexts (appendix 
p 12). The prevalence effect on test performance was 
similar between NIS4 and FIB-4.

In the pooled validation cohort, NIS4 significantly 
outperformed other non-invasive NASH or fibrosis 
diagnostics, including FIB-4, NFS, ELF, APRI, and 
BARD for the identification of at-risk NASH (all p<0∙010; 
figure 3, table 3). The overall performance of NIS4 and 
VCTE was not significantly different. In addition, 
although NIS4 was not developed to specifically identify 
the subpopulation of at-risk NASH with fibrosis stage 3 
or more, performance was significantly better than FIB-
4, NFS, BARD and APRI (all p<0·05), with performance 
not significantly different to VCTE and ELF (table 3; 
NIS4 cutoffs to rule in and rule out at-risk NASH 
[NAS ≥4] and fibrosis stage ≥3 are provided in the 
appendix p 12).

Clinical performance to identify at-risk NASH was 
further evaluated in the pooled validation cohort among 
tests with demonstrated higher performance (AUROC 
≥0∙65) and previously established cutoff values to identify 
at-risk NASH or fibrosis stage 3 or more, or both. Table 4 
shows the performance metrics of these tests to identify 
patients with at-risk NASH versus without at-risk NASH. 
Table 5 shows the test accuracy of these tests for rule-in 
and rule-out configurations.

For the rule-out clinical decision, NIS4 of less than 
0∙36 showed an optimal balance between high 
sensitivity (81·5%) and specificity (63·0%), compared 
with lower cutoffs for FIB-4, NFS, APRI, ELF, and 
VCTE (table 4). At the lower cutoff, ELF had very few 
(n=8) rule-out classifications precluding further 
analysis of test perfor mance. Although VCTE had 
shown one of the highest sensitivities among the tests 
evaluated, the specificity was nearly 50% lower than 
NIS4. With regards to rule-out accuracy, the highest 
rate of well classified results was seen in NIS4 and 
VCTE, and the lowest rates of misclassification were 
also seen in NIS4 and VCTE among the tests evaluated 
(table 5; appendix pp 6–11). By comparison, FIB-4, NFS, 
and APRI had nearly twice the rate of misclassifications 
coupled with a reduced rate of well classified results 
(table 5; appendix pp 6–11). NPV, which was influenced 
by prevalence of at-risk NASH, was about 65% for 
FIB-4, NFS, and APRI, 78% for NIS4, and 84% for 
VCTE (table 4). However, if the prevalence of at-risk 
NASH in the NIS4 cohort were adjusted to reflect that 

of the VCTE subpopulation, the NPV for the lower 
cutoff config uration of NIS4 would have been about 
86% (appendix p 12).

For the rule-in clinical decision, NIS4 greater than 0∙63 
also achieved an optimal balance between high specificity 
(87·1%) and sensitivity (50·7%), compared with upper 
cutoff configurations of FIB-4, NFS, APRI, ELF, and 
VCTE (table 4). Although FIB-4 and NFS exhibited very 
high specificities, both tests also had very low sensitivities. 
APRI exhibited high performance for a rule-in decision, 
with high specificity and a sensitivity about three times 
as high as either FIB-4 or NFS. VCTE and ELF exhibited 
similarly high and balanced performance compared with 
NIS4. With regard to rule-in accuracy, NIS4, ELF, FIB-4, 
and APRI had the highest rates of well classified results, 
followed by VCTE and NFS (table 5). However, NIS4 
exhibited the lowest rate of misclassification compared 
with other tests evaluated, which had up to three times 
higher rates (table 5; appendix pp 6–11). PPV, which is 
influenced by the prevalence of at-risk NASH, was about 
64% for VCTE and NFS, 76% for FIB-4, 79% for NIS4 and 
APRI, and 78% for ELF (table 4). However, if the 
prevalence of at-risk NASH in the NIS4 cohort were 
adjusted to that of the VCTE subpopulation, the PPV for 
the upper cutoff configuration of NIS4 would have been 
about 68% (appendix p 12).

Number of 
patients with 
both comparator 
test and NIS4 data

Number of 
patients with 
condition

Comparator test 
AUROC (95% CI)

NIS4 reference 
AUROC (95% CI)

p value

At-risk NASH (NAS ≥4 and fibrosis stage ≥2)

NIS4 702 345 ·· 0·80 (0·77–0·84) ··

FIB-4 694 341 0·70 (0·67–0·75) 0·81 (0·77–0·84) <0·0001

NFS 694 341 0·66 (0·62–0·70) 0·81 (0·77–0·84) <0·0001

ELF* 474 259 0·77 (0·72–0·81) 0·83 (0·79–0·86) 0·0067

BARD 702 345 0·58 (0·54–0·62) 0·80 (0·77–0·84) <0·0001

APRI 694 341 0·74 (0·70–0·78) 0·81 (0·77–0·84) 0·0010

VCTE† 196 71 0·75 (0·68–0·82) 0·76 (0·69–0·82) 0·92

Advanced fibrosis (NAS ≥4 and fibrosis stage ≥3)

NIS4 702 182 ·· 0·81 (0·77–0·84) ··

FIB-4 694 179 0·74 (0·70–0·78) 0·80 (0·77–0·84) 0·0044

NFS 694 179 0·68 (0·64–0·73) 0·80 (0·77–0·84) <0·0001

ELF* 474 135 0·77 (0·72–0·81) 0·80 (0·76–0·84) 0·16

BARD 702 182 0·62 (0·57–0·67) 0·81 (0·77–0·84) <0·0001

APRI 694 179 0·75 (0·71–0·79) 0·80 (0·77–0·84) 0·017

VCTE† 196 39 0·81 (0·73–0·88) 0·80 (0·72–0·87) 0·84

All comparisons were done in the same patients. Samples with missing values for either the comparator test or NIS4 
were not considered. Paired DeLong’s test was used to compare AUROC values between comparator tests and NIS4. 
ALT=alanine aminotransferase. APRI=AST-to-platelet ratio index. AST=aspartate aminotransferase. AUROC=area 
under receiver operating characteristics. BARD=BMI, AST/ALT ratio and diabetes score. BMI=body mass index. 
ELF=Enhanced Liver Fibrosis. FIB-4=Fibrosis-4. NAFLD=non-alcoholic fatty liver disease. NAS=NAFLD activity score. 
NASH=non-alcoholic steatohepatitis. NFS=NAFLD Fibrosis Score. VCTE=vibration-controlled transient elastography. 
*Data not available for the Angers cohort. †Data not available for the RESOLVE-IT diag cohort.

Table 3: Head-to-head comparison of NIS4 performance with non-invasive NASH or liver fibrosis tests to 
identify patients with at-risk NASH (NAS ≥4 and fibrosis stage ≥2) or advanced fibrosis (NAS ≥4 and 
fibrosis stage ≥3) within the pooled validation cohort (n=702)
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at-risk NASH in the discovery cohort is shown in the 
appendix (p 4). In the discovery cohort, concentrations of 
liver injury biomarkers (ALT, AST), and glucose meta-
bolism (fasting glucose, HbA1c, fructosamine) were 
significantly higher in patients with at-risk NASH than 
in those with less severe disease activity. Concentrations 
of biomarkers reflective of apoptosis (cytokeratin 18-M30 
and cytokeratin 18-M65) and fibrosis (YKL-40, A2M, 
procollagen type III N-terminal peptide, and tissue 
inhibitor matrix metallo proteinase 1) were also 
significantly higher in patients with at-risk NASH. 
Concentrations of miR-34a-5p were also significantly 
higher in this patient population than in those not having 
at-risk NASH.

As previously described, a logistic bootstrap-based 
stepwise regression process was done in the discovery 
cohort to identify a biomarker-based model. The NIS4 
model—containing miR-34a-5p, A2M, YKL-40, and 
HbA1c—showed higher discriminatory accuracy to 
identify at-risk NASH compared with individual com-
ponents of the score (figure 1). The AUROC for NIS4 in 
the discovery set was 0∙80 (95% CI 0∙73–0∙85; figure 2, 
table 2). To enable real-world clinical use, a lower cutoff 
was established at less than 0∙36 to provide a rule-out 
decision with 80·8% sensitivity, 65·2% specificity, and 
81·5% NPV (table 2). In addition, an upper cutoff was 
established at 0∙63 or higher to enable a rule-in decision 
with 90·4% specificity, 45·2% sensitivity, and 78·3% PPV. 

Figure 2: Receiver operating characteristics of NIS4 in each cohort
(A) NIS4 trained in the discovery cohort (n=239). (B) NIS4 validated in the RESOLVE-IT diag cohort (n=475). (C) NIS4 validated in the Angers cohort (n=227). 
(D) NIS4 assessed in the pooled validation cohort (n=702). Shaded areas represent 95% CIs obtained after analyses of 1000 bootstrap samples. AUROC=area under 
receiver operating characteristics.
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appendix (p 4). In the discovery cohort, concentrations of 
liver injury biomarkers (ALT, AST), and glucose meta-
bolism (fasting glucose, HbA1c, fructosamine) were 
significantly higher in patients with at-risk NASH than 
in those with less severe disease activity. Concentrations 
of biomarkers reflective of apoptosis (cytokeratin 18-M30 
and cytokeratin 18-M65) and fibrosis (YKL-40, A2M, 
procollagen type III N-terminal peptide, and tissue 
inhibitor matrix metallo proteinase 1) were also 
significantly higher in patients with at-risk NASH. 
Concentrations of miR-34a-5p were also significantly 
higher in this patient population than in those not having 
at-risk NASH.

As previously described, a logistic bootstrap-based 
stepwise regression process was done in the discovery 
cohort to identify a biomarker-based model. The NIS4 
model—containing miR-34a-5p, A2M, YKL-40, and 
HbA1c—showed higher discriminatory accuracy to 
identify at-risk NASH compared with individual com-
ponents of the score (figure 1). The AUROC for NIS4 in 
the discovery set was 0∙80 (95% CI 0∙73–0∙85; figure 2, 
table 2). To enable real-world clinical use, a lower cutoff 
was established at less than 0∙36 to provide a rule-out 
decision with 80·8% sensitivity, 65·2% specificity, and 
81·5% NPV (table 2). In addition, an upper cutoff was 
established at 0∙63 or higher to enable a rule-in decision 
with 90·4% specificity, 45·2% sensitivity, and 78·3% PPV. 

Figure 2: Receiver operating characteristics of NIS4 in each cohort
(A) NIS4 trained in the discovery cohort (n=239). (B) NIS4 validated in the RESOLVE-IT diag cohort (n=475). (C) NIS4 validated in the Angers cohort (n=227). 
(D) NIS4 assessed in the pooled validation cohort (n=702). Shaded areas represent 95% CIs obtained after analyses of 1000 bootstrap samples. AUROC=area under 
receiver operating characteristics.
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at-risk NASH in the discovery cohort is shown in the 
appendix (p 4). In the discovery cohort, concentrations of 
liver injury biomarkers (ALT, AST), and glucose meta-
bolism (fasting glucose, HbA1c, fructosamine) were 
significantly higher in patients with at-risk NASH than 
in those with less severe disease activity. Concentrations 
of biomarkers reflective of apoptosis (cytokeratin 18-M30 
and cytokeratin 18-M65) and fibrosis (YKL-40, A2M, 
procollagen type III N-terminal peptide, and tissue 
inhibitor matrix metallo proteinase 1) were also 
significantly higher in patients with at-risk NASH. 
Concentrations of miR-34a-5p were also significantly 
higher in this patient population than in those not having 
at-risk NASH.

As previously described, a logistic bootstrap-based 
stepwise regression process was done in the discovery 
cohort to identify a biomarker-based model. The NIS4 
model—containing miR-34a-5p, A2M, YKL-40, and 
HbA1c—showed higher discriminatory accuracy to 
identify at-risk NASH compared with individual com-
ponents of the score (figure 1). The AUROC for NIS4 in 
the discovery set was 0∙80 (95% CI 0∙73–0∙85; figure 2, 
table 2). To enable real-world clinical use, a lower cutoff 
was established at less than 0∙36 to provide a rule-out 
decision with 80·8% sensitivity, 65·2% specificity, and 
81·5% NPV (table 2). In addition, an upper cutoff was 
established at 0∙63 or higher to enable a rule-in decision 
with 90·4% specificity, 45·2% sensitivity, and 78·3% PPV. 

Figure 2: Receiver operating characteristics of NIS4 in each cohort
(A) NIS4 trained in the discovery cohort (n=239). (B) NIS4 validated in the RESOLVE-IT diag cohort (n=475). (C) NIS4 validated in the Angers cohort (n=227). 
(D) NIS4 assessed in the pooled validation cohort (n=702). Shaded areas represent 95% CIs obtained after analyses of 1000 bootstrap samples. AUROC=area under 
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Four components of NIS4: 
miR-34a, Alpha-2 Macroglobulin, HbA1c & YKL-40

NIS4 Score vs. Other Biomarkers 

15

NIS4 for Identification of ‘At-Risk’ NASH

1. Sanyal AJ, et al. AASLD 2021. #LO1

Youden ≥0.6 (sensitivity 78.1%; specificity 73.6%)

AUROC NIS-4 AUROC ALT P-value vs 
unit line

P-value vs 
ALT

NASH 0.832 0.678 <0.001 <0.001

NAS ≥4 0.815 0.726 <0.001 <0.001

AUROC NIS-4 AUROC FIB-4 P-value vs 
unit line

P-value vs 
FIB-4

≥Stage 2 0.874 0.796 <0.001 <0.001

≥Stage 3 0.788 0.793 <0.001 0.6

Stage 4 0.725 0.815 <0.001 1

AUROC NIS-4 P-value vs unit 
line

AUROC
FIB-4 P-value vs FIB-4

0.815 <0.001 0.762 <0.001

Analysis of NAFLD cases from the NIMBLE Phase 1 (NASH-CRN) Cohort

16
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7

Fibroscan-AST (FAST) Score for ‘At-Risk’ NASH ≥F2

• Target condition: NASH+Fibrosis (NAS≥4 + F≥2) for 
clinical trial enrolment.

• FAST components VCTE, CAP and AST

• Derivation cohort (n=350, 50% NAS≥4 + F≥2)
– AUROC 0.80 (0·76-0·85)

• International validation cohorts (n=1026, 27% NAS≥4 + F≥2)
– AUROC 0.85 (0·83–0·87)
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Figure 2: Diagnostic performance in the derivation cohort of the FAST score for the diagnostic of NASH + NAS ≥ 4 + F ≥ 2
(A) Receiver operating characteristic curve. (B) Calibration plot and calibration intercept and slope. The shaded area indicates 95% CI. The calibration plot characterises 
the agreement between observed proportion and predicted probabilities. The intercept compares the mean of all predicted risks with the mean observed risk and 
indicates the extent that predictions are systematically too low or too high.19 The slope accounts for differences in performance in groups at high or low risk. Calibration 
of the data is estimated using a smoothed regression line (dotted line) using locally estimated scatterplot smoothing (Loess) that allows inspection of the calibration 
across the range of predicted values and determination of whether there are segments of the range in which the model is poorly calibrated.19 Triangles represent deciles 
of participants (n=50) grouped by similar predicted risk. Calibration of the score is satisfactory since the intercept is not significantly different from 0, slope is not 
significantly different from 1, the flexible calibration curve is close to the ideal calibration (solid line), and its CI zone includes the ideal curve. (C) Sensitivity, specificity, 
positive predictive value, and negative predictive value versus all possible FAST score values. (D) Screen failure rate, missed cases rate, and proportion of patients 
identified, versus FAST scores values. Plot of the screen failure rate (equal to 1–positive predictive value) and missed cases rate (equal to 1–sensitivity) versus all possible 
FAST score values. At given FAST score cutoffs, it is possible to graphically assess the screen failure rate and missed cases rate together with the proportion of patients 
above the FAST score who would be given liver biopsy in the context of patients screening in drug trials for NASH. NASH=non-alcoholic steatohepatitis. 
FAST=FibroScan-aspartate aminotransferase. NASH + NAS ≥ 4 + F ≥ 2=NASH, elevated non-alcoholic fatty liver disease activity score (≥4), and advanced fibrosis 
(≥stage 2). AUROC=area under the receiver operating curve.

1. Newsome PN et al. FibroScan-AST (FAST) score for the non-invasive identification of patients with non-alcoholic steatohepatitis with significant 
activity and fibrosis: a prospective derivation and global validation study. Lancet Gastroenterol Hepatol 2020;5:362-373.

Cut-off ≤0.35 ≥0.67
Se / Sp Se=0.89 / Sp=0.64 Se=0.92 / Sp=0.49

PPV / NPV NPV=0.94 PPV=0.69
Indeterminates 30%
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MAST (MRE, PDFF & AST) Score to Detect ‘At-Risk’ NASH ≥F2
MRI-based (MAST) score accurately identifies patients

with NASH and significant fibrosis

Graphical abstract

Score Sample ROC area Sensitivity Specificity PPV NPV 
MAST Derivation 0.858 94.4% 72.9% 42.5% 98.4% 
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NASH and Significant Fibrosis
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Variables
MRE, MRI-PDFF, ALT, AST, AST/ALT ratio, 

Alb, Plt, T2DM, Sex, Age & BMI 

MAST Score = -12.17 + 7.07 log MRE + 0.037 PDFF + 3.55 log AST 

MAST developed in a US cohort for 347 histologically characterised NAFLD patients (cases preselected with PDFF >5% and VCTE >7kPa/MRE >2.5kPa)

F0
44%

F1
32%

F2
9%

F3
11%

F4
4%

13% NAS ≥4 + F≥2

in kPA of 3.0 (2.3-4.3)/2.3 (2.0-2.6), and MRI-PDFF of 14.2 (9.3-
20.2)/7.6 (4.6-13.5).

In the derivation cohort, Fibro-NASH was reported in 18
(17.5%) of 103 patients. In the validation cohort, Fibro-NASH was
reported in 28 (11.5%) of 244 patients (Table 1).

The MAST formula
Models combining MRE, MRI-PDFF, and a third variable selected
from ALT, AST, albumin, platelets, diabetes status, age, sex, or BMI
were compared. AST (MRI-MRE, MRI-PDFF plus AST) was found
to be the best model with highest AUC in the derivation data for
predicting Fibro-NASH when combined with steatosis measured
with MRI-PDFF and stiffness measured with MRE, resulting in
the MAST score (data not shown for other models).

The MAST score is defined as: MAST = -12.17 + 7.07 log MRE +
0.037 PDFF + 3.55 log AST.

ROC plots of sensitivity vs. 1-specificity for all possible one
score cut-offs for the MAST, FAST, Fibrosis-4 (FIB-4), or NAFLD
fibrosis (NFS) scores in either the derivation or validation cohort
are shown in Fig. 1. Table S1 shows the sensitivity, specificity,
positive predictive value (PPV), and negative predictive value
(NPV) of the one score cut-off corresponding to the maximum
balanced accuracy in the derivation cohort and applied to both
the derivation and validation cohorts. Two score cut-offs that
corresponded to 90% specificity and 90% sensitivity in the vali-
dation cohorts were computed (Table 2).

MAST in comparison with NFS and FIB-4
MAST’s performance in identifying patients with Fibro-NASH
was compared to that of the NFS and FIB-4 score using a sub-
group of patients in the validation cohort with all the data
necessary to determine both the NFS and FIB-4 scores (Table S1
and Fig. 1). Overall, MAST exhibited a higher AUC (Fig. 1).

MAST demonstrated similar PPV and specificity and overall
higher sensitivity and NPV at the 90% sensitivity cut-off, except
for rare exceptions (Table 2). At the 90% specificity cut-off, MAST
exhibited similar specificity except for the NFS and FIB-4 vali-
dation cohorts, as well as higher sensitivity, PPV, and NPV in
nearly all cohorts (Table 2).

MAST in comparison with FAST
MAST’s AUC was higher in both the derivation and validation
cohorts compared to the AUC of the FAST score (Fig. 1). To meet a
90% rule-out sensitivity cut-off and 90% rule-in specificity cut-
off, respectively, the previously published cut-offs of 0.35 and
0.67 were applied for the FAST score in our cohort. Comparing
MAST’s validation cohort to FAST’s, MAST exhibited higher
sensitivity and NPV at the 90% sensitivity cut-off (Table 2). At the
90% specificity cut-off, MAST’s validation cohort demonstrated
higher sensitivity and NPV (Table 2).

Discussion
This study describes the formulation and validation of a simple,
novel MAST score that non-invasively identifies high-risk pa-
tients with Fibro-NASH for whom therapeutic pharmacother-
apies are indicated. The MAST score included 2 score cut-offs
corresponding to 90% specificity and 90% sensitivity in the
derivation and validation cohorts that maintained high balanced
accuracy while performing better than other non-invasive as-
sessments, specifically the NFS, FIB-4, and FAST scores.

Though selection of patients with NAFLD who are the optimal
targets for monitoring and therapeutic interventions has been
widely debated, prior data have demonstrated that patients with
NASH+NAS>−4+F>−2 are at higher risk of severe liver disease pro-
gression and are thus the focus of this study.11–13 In accordance
with current practice, the MAST score was developed with rule-
in and rule-out cut-offs that exhibited good performance with a
negative LR of 0.15 (rule-out cut-off) and a positive LR of 7.73
(rule-in cut-off) in the validation cohort. The MAST score can
thus significantly impact patient care through non-invasive se-
lection of patients for new clinical trials or pharmacotherapies,
thereby reducing the need for liver biopsies. This is particularly
important in selection of patients in phase II studies where MRI-
PDFF is the primary outcome. Using the MAST score in phase II
studies may further identify those patients that resemble pa-
tients who are eligible for phase III trials.

Although a MAST score of more than 0.242 or less than 0.165
classified more than 80% of patients in both derivation and
validation cohorts, clinicians will ultimately need to decide on
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Fig. 1. Diagnostic performance of the MAST, FAST, FIB-4, and NFS scores for the diagnosis of Fibro-NASH. (A) All possible values of sensitivity vs. 1-specificity
for the MAST, FAST, FIB-4, and NFS scores in the derivation data. (B) All possible values of sensitivity vs. 1-specificity for the MAST, FAST, FIB-4, and NFS scores in
the validation data. FAST, FibroScan-aspartate aminotransferase; FIB-4, Fibrosis-4 index; Fibro-NASH, fibrotic non-alcoholic steatohepatitis; MAST, MRI-aspartate
aminotransferase; NFS, NAFLD fibrosis score; NASH, non-alcoholic steatohepatitis; ROC, receiver operating curve.
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MRE combined with FIB-4 (MEFIB) to Detect ‘At-Risk’ NASH ≥F2

• Target condition: NASH+Fibrosis (F≥2) for clinical trial 
enrolment.

• MEFIB components: FIB-4 ≥1.6 plus MRE ≥3.3 kPa

• Derivation cohort (n=238, 29% F≥2)
– AUROC 0.90 (0.85 to 0.95), PPV 97.1% NPV 83.2%

• International validation cohorts (n=222, 61% F≥2)
– AUROC 0.84 (0.78 to 0.89), PPV 91.0% NPV 59.4%

1. Jung J, et al. MRE combined with FIB-4 (MEFIB) index in detection of candidates for 
pharmacological treatment of NASH-related fibrosis. Gut 2021;70:1946-1953.

1952 Jung J, et al. Gut 2021;70:1946–1953. doi:10.1136/gutjnl-2020-322976
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MEFIB index versus FAST score in future. In a recent cost- 
effectiveness study comparing various non- invasive modalities 
for detection of cirrhosis, Vilar- Gomez et al found that FIB-4 
followed by MRE yielded the highest diagnostic accuracy versus 
FIB-4 followed by VCTE in order to avoid liver biopsy for the 
diagnosis of cirrhosis.41 Our study provides prospective valida-
tion with an actionable cut- point for its clinical application using 
WKH�0(),%� LQGH[� �GHILQHG� DV�),%��������DQG�05(������N3D��
WR�UXOH� LQ�SDWLHQWV�ZKR�KDYH��VWDJH���ILEURVLV� LQ�SDWLHQWV�ZLWK�
NAFLD.

Strengths and limitations
There are following notable strengths of this study. This is a 
prospective study derived from a uniquely well- characterised 
cohort residing in San Diego, California, USA, and these data 
have been validated in an ethnically and geographically distinct 
FRKRUW� UHVLGLQJ� LQ� <RNRKDPD�� -DSDQ�� 7KLV� XQGHUVFRUHV� WKH�
generalisability and clinical applicability of these data across 
both Western and Eastern population. This non- proprietary 
ELRPDUNHU�SDQHO�DQG� LWV�FXW��SRLQWV�DUH�DYDLODEOH� WR�DOO�ZLWKRXW�
any cost and freely available to the world for clinical use.

Although this study is performed by experienced investigators 
with expertise in non- invasive MRI assessment, there are some 
notable limitations. As our study aimed to develop a combi-
nation of non- invasive tests to rule in patients with significant 
fibrosis, low sensitivity may have rooted from a trade- off in 
reducing false- positives by inevitably increasing false- negatives. 
However, high PPVs in both cohorts provide evidence for clini-
FLDQV�WR�XVH�WKH�0(),%�LQGH[�WR�LGHQWLI\�SDWLHQWV�ZLWK��VWDJH���
fibrosis without needing a liver biopsy assessment. These thresh-
olds are recommended for usage in a hepatology clinic setting 
to determine potential candidates for treatment of NASH. It 
LV�OLNHO\�WKDW�FXW��SRLQWV�PD\�EH�GLIIHUHQW�LQ�SULPDU\�FDUH�SRSX-
lation. Therefore, further studies are needed in patients in the 
primary care setting and those derived from diabetes clinic. It 
is important to note that patients were enrolled consecutively 
which underscores the entire spectrum of liver disease in a liver 
clinic and provides a context of use for these cut- points. While 
ZH�H[FOXGHG� FOLQLFDOO\� UHOHYDQW� ELRPDUNHUV�� VXFK� DV�$67��$/7��
platelet count, and age, based on univariate analysis, there might 
be a more comprehensive multivariate logistic model that could 
further improve its accuracy. However, the MEFIB index uses 
readily available FIB-4 and MRE results so it is clinically action-
able without deriving yet another score. Moreover, this study 
uses MRE which might not be readily available at all centres. 
Hence, further studies are needed to examine the role of combi-
nation of other elastography methods along with clinical predic-
tion rules.��

CONCLUSIONS
There is a major unmet need to identify patients who have 
�VWDJH���ILEURVLV�DQG�DUH�FDQGLGDWHV�IRU�SKDUPDFRORJLFDO�WKHUDS\�
without needing a liver biopsy assessment. All currently avail-
able clinical prediction rules such as FIB-4 and elastography 
methods that are routinely available have a high NPV and there 
LV�D�QHHG�IRU�D�FRPELQDWLRQ�RI�ELRPDUNHUV�WKDW�KDYH�D�KLJK�339��
Further studies are needed to establish cut- points for VCTE, 
$5),�DQG�6:(�DORQJ�ZLWK�),%���LQ�ULVN�VWUDWLILFDWLRQ�RI�SDWLHQWV�
with NAFLD. This study provides evidence that MEFIB index 
�05(������N3D�DQG�),%���������FDQ�\LHOG�D�KLJK�339�WR�UXOH�
LQ�SDWLHQWV�ZLWK��VWDJH���ILEURVLV�ZLWKRXW�QHHGLQJ�D�OLYHU�ELRSV\�
assessment in the context of a liver clinic.
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Table 3 Diagnostic test characteristic of MRE, FIB-4 and MRE+FIB-4 (MEFIB index) in detecting ≥stage 2 fibrosis in UCSD- NAFLD cohort and 
Japan- NAFLD cohort

Model

UCSD- NAFLD cohort Japan- NAFLD cohort

AUROC (95% CI) OR (95% CI) P value* PPV‡ NPV AUROC (95% CI) OR (95% CI) P value PPV‡ NPV

MRE ≥3.3 kPa† 0.87 (0.81 to 0.92) MRE: 71.55 (28.73 to 178.18) Ref 86.9 91.5 0.79 (0.74 to 0.85) MRE: 14.74 (7.60 to 28.57) Ref 84.6 72.8

FIB-4 ≥1.6† 0.72 (0.66 to 0.78) FIB-4: 8.23 (4.32 to 15.65) 0.0002 61.5 83.7 0.73 (0.68 to 0.79) FIB-4: 8.31 (4.35 to 15.88) 0.0792 84.6 60.2

MRE ≥3.3 kPa +
FIB-4 ≥1.6

0.90 (0.85 to 0.95) MRE: 56.41 (21.80 to 145.94)
FIB-4: 5.16 (2.04 to 13.06)

0.0184 97.1 83.2 0.84 (0.78 to 0.89) MRE: 8.96 (4.41 to 18.22)
FIB-4: 3.57 (1.69 to 7.51)

0.0026 91.0 59.4

Bold indicates signficance.
*P value for comparison to MRE alone.
†Cut- point was derived from the Youden’s Index in the UCSD- NAFLD Cohort.
‡Determined by categorising a positive response as MRE ≥3.3 kPa and FIB-4 ≥1.6 versus any other combination.
AUROC, area under the receiver operating characteristic curve; FIB-4, fibrosis-4; MEFIB, MRE combined with FIB-4; MRE, MR elastography; NAFLD, non- alcoholic fatty liver disease; NPV, negative 
predictive value; PPV, positive predictive value; UCSD, University of California at San Diego.
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in table 1. Eighty- seven patients diagnosed with stage 0–1 
ILEURVLV�ZKR�ZHUH�DJHG������\HDUV���������ZLWK�%0,�RI������NJ�
m� (±5.0), respectively. There were seven patients with stage 0 
fibrosis and 80 patients with stage 1 fibrosis. One hundred and 
WKLUW\��ILYH�SDWLHQWV�GLDJQRVHG�ZLWK��VWDJH���ILEURVLV�ZHUH�DJHG�
�����\HDUV���������DQG�KDG�D�%0,�RI������NJ�P� (±5.3), respec-
WLYHO\�� )RUW\��VL[� SDWLHQWV�ZHUH� GLDJQRVHG�ZLWK� VWDJH� �� ILEURVLV��
���SDWLHQWV�ZLWK� VWDJH� �� ILEURVLV� DQG����SDWLHQWV�ZLWK� VWDJH� ��
fibrosis. The median time interval (IQR) between MRE and 
biopsy in Japan- NAFLD Cohort was 54.5 (68.0) days.

MRE accurately diagnoses patients with ≥ stage 2 fibrosis 
compared with FIB-4
Diagnostic accuracy was compared between MRE and FIB-4 in 
GLDJQRVLQJ��VWDJH���ILEURVLV�LQ�8&6'��1$)/'��WUDLQLQJ��&RKRUW�
and Japan- NAFLD (validation) Cohort. AUROC was calculated 
and compared for statistical significance using p value (ILJXUH��). 
In both training and validation cohort, MRE outperformed 
FIB-4 in assessing fibrosis stage. In the UCSD- NAFLD (training) 
cohort, MRE demonstrated a robust and clinically significant 
GLDJQRVWLF�DFFXUDF\�IRU�WKH�GHWHFWLRQ�RI��VWDJH���ILEURVLV�ZLWK�
DQ�$852&�RI�����������&,������WR�������YV�),%���DORQH�ZLWK�
DQ�$852&�RI�����������&,������WR��������ZKLFK�ZDV�ERWK�FOLQ-
ically and statistically significant (p<0.0001). The diagnostic 
accuracy of MRE remained statistically significant (p<0.005) 
in the Japan- NAFLD (validation) cohort with an AUROC of 
����������&,������WR�������FRPSDUHG�ZLWK�GLDJQRVWLF�DFFXUDF\�
RI�),%����$852&������������&,������WR��������ILJXUH��). The 
differences in the MR elastogram and liver histology of repre-
sentative patients are shown in figure 3.

Univariate predictors of ≥stage 2 fibrosis in UCSD-NAFLD 
training cohort
We not only analysed MRE and FIB-4 but also clinically rele-
vant parameters such as ALT, AST, platelet counts and age to 
VHH�ZKLFK�SDUDPHWHUV�VKRZ�VLJQLILFDQFH�LQ�SUHGLFWLQJ��VWDJH���
fibrosis in the training cohort (WDEOH��). Each predictor’s AUROC 
and diagnostic OR were obtained and compared with see if there 

DUH� DQ\� DGGLWLRQDO� IDFWRUV� DVVRFLDWHG�ZLWK�SUHGLFWLQJ��VWDJH���
fibrosis. Diagnostic OR assists binary classification as being a 
measure for effectiveness of a diagnostic test.38

05(�KDG�DQ�25�RI������������&,������WR��������DQG�),%���
����� �����&,� ����� WR� �������2WKHU� IDFWRUV� VXFK� DV� $67�� DJH��
SODWHOHW� FRXQW��$/7�KDG� ORZHU�25�� UHVSHFWLYHO\� �§������7KXV��
we chose MRE and FIB-4 to calculate the Youden’s Index to 
GHWHUPLQH�FXW��SRLQWV�WR�SUHGLFW��VWDJH���ILEURVLV��7KH�FXW��SRLQWV�
IRU�05(�ZDV�����N3D�DQG�),%��������UHVSHFWLYHO\��IRU�WKH�WUDLQLQJ�
cohort.

Combination of MRE and FIB-4 for ruling in ≥stage 2 fibrosis 
(MRE combined with FIB-4 (MEFIB) index)
8VLQJ�WKHVH�FXW��SRLQWV��ZH�ORRNHG�DW�WKH�GLDJQRVWLF�DFFXUDF\�RI�
MRE alone, FIB-4 alone and both together in a model to predict 
�VWDJH���ILEURVLV�LQ�WKH�8&6'��1$)/'�FRKRUW��table 3). In the 
training cohort, we observed our multivariable model with MRE 
�����N3D�DQG�),%��������WR�KDYH�D�KLJKHU�$852&�RI�����������
CI 0.85 to 0.95) compared with each diagnostic tool alone and it 
ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��S��������05(�FRXSOHG�ZLWK�),%���
KDG�KLJK�339�RI�������UXOLQJ�LQ�SDWLHQWV�ZLWK��VWDJH���ILEURVLV�
for candidacy of treatment.

We then applied these cut- points to the Japan- NAFLD Vali-
dation Cohort (table 3). The results remained significant in 
-DSDQ��1$)/'� &RKRUW� WKDW� \LHOGHG� D� UREXVW� 339� RI� ������
and the results were both clinically and statistically significant 
�S���������2QOLQH�VXSSOHPHQWDO�PDWHULDO�WDEOH���VKRZV�UHFDOFX-
lated AUROC, PPV, and NPV based on the Youden’s Index from 
the Japan- NAFLD Cohort.

DISCUSSION
Main findings
Using a uniquely well- characterised contemporaneous liver 
biopsy and MRE study cohort, we demonstrated clinical utility 
RI� 05(� DQG� ),%��� LQ� GHWHFWLQJ� �VWDJH� �� ILEURVLV� DV� D� QRQ��
SURSULHWDU\� ELRPDUNHU� SDQHO� IRU� KLJK��ULVN�1$6+�SDWLHQWV� DQG�
those who need to be treated in registrational trial based on 
FDA guidance. In multivariable- adjusted models, a combination 

Figure 2 MRE is more accurate than routinely available clinical prediction rule, FIB-4. Comparison of diagnostic accuracy between MRE and FIB-4 
in detecting ≥stage 2 fibrosis in UCSD- NAFLD cohort and Japan- NAFLD cohort. Left: in UCSD- NAFLD cohort, the AUROC for MRE was 0.93 which was 
statistically significant compared with FIB-4 which was 0.78 (p<0.0001). Right: the diagnostic accuracy of MRE (AUROC=0.89) in Japan—NAFLD 
cohort was also statistically significant compared with FIB-4 (AUROC=0.79). The p value is provided. AUROC, area under the receiver operating 
characteristic curve; FIB-4, fibrosis-4; MRE, MR elastography; NAFLD, non- alcoholic fatty liver disease; UCSD, University of California at San Diego.
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 MEFIB misclassified: 35/238 (15%) MEFIB misclassified: 62/222 (28%)
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MRE plus FIB-4 (MEFIB) versus FAST to Detect ‘At-Risk’ NASH ≥F2

1. Tamaki N, et al. MRE plus FIB-4 (MEFIB) versus FAST in detection of candidates for 
pharmacological treatment of NASH-related fibrosis. Hepatology 2021.

• “Rule in”: FIB-4 ≥1.6 plus MRE ≥3.3 kPa or FAST ≥ 0.67

• “Rule out”: FIB-4 <1.6 plus MRE <3.3 kPa or FAST < 0.35

AUROC Rule In Indeterm. Rule Out

Sens Spec PPV Sens Spec NPV

MEFIB 0.899 (0.86-0.94) 0.69 0.94 95.6% 23.9% 0.94 0.73 85.6%

FAST 0.724 (0.67-0.78) 0.28 0.93 89.2% 42.4% 0.76 0.63 57.8%
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Comparison of MEFIB vs. FAST in 234 US cases + 314 Japanese cases to detect Fibrosis ≥F2

* Data shown from Japanese cohort (similar results in USA cohort and combined cohorts)

21



5/10/22

9

ELF and PRO-C3 for Identification of ‘Significant’ & ‘Advanced’ Fibrosis

PRO-C3
≥Stage 2 Stage 3 or 4 Stage 4

AUROC (PRO-C3) 0.809 0.764 0.728

AUROC (FIB-4) 0.799 0.79 0.81

Is AUROC >0.7 and superior to 
0.5?

<0.001 <0.001 <0.001

Is AUROC superior to FIB-4? 0.27 0.9 1.0

Performance statistics for PRO-C3

Youden index cutoff ≥17.6 ≥18.8 ≥21.1

Sensitivity 69.8 71.4 66.2

Specificity 81.0 71.4 68.5

1. Sanyal AJ, et al. AASLD 2021. #LO1

Analysis of NAFLD cases from the NIMBLE Phase 1 (NASH-CRN) Cohort

ELF
≥Stage 2 Stage 3 or 4 Stage 4

AUROC (ELF test) 0.828 0.835 0.855

AUROC (FIB-4) 0.798 0.789 0.81

Is AUROC >0.7 and superior to 
0.5?

<0.001 <0.001 <0.001

Is AUROC superior to FIB-4? 0.01 <0.001 <0.001

Performance statistics for ELF test

Youden index cutoff 9.5 9.6 10.1

Sensitivity 71.8 80.8 82.1

Specificity 81.5 70.2 73.3

ELF performance improved progressively for diagnosis of progressively more advanced fibrosis

23

Agile 3+ & Agile 4 for Advanced Fibrosis & Cirrhosis

Agile 3+/4 are Composite scores combining VCTE with ALT/AST, Plt, T2DM, Gender, Age

1. Hardy, Mozes et al. Performance of Agile 3+ and Agile 4 Fibroscan-based Tests for Advanced Fibrosis and Cirrhosis in 
International Cohorts Comprising over 2,500 Histologically Characterised NAFLD Patients. AASLD dTLM 2021.

Thresholds: LSM F3+ ≥9.7 kPa, F4 ≥13.6 kPa; FIB4 F0-2 <1.3 (<2.0 if age 65+), F3-4 >2.67;
Agile 3+ F0-2 <0.451, F3-4 ≥0.679; Agile 4 F0-3 <0.251, F4 ≥0.565.

Analysis of two large international NAFLD cohorts: LITMUS Metacohort (n=1271) & IPD Meta-analysis (n=1292)

ENRM Agile 3+ ENRM Agile 4

IPDMA Agile 3+ IPDMA Agile 4

24
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Change in biomarker (continuous, ordinal or categorical) must correlate 
with a definite change in disease state that relates to outcome. 

Biomarker Context of Use

Measure
Biomarker

Time

Clinical
Phenotype

Bi
om

ar
ke

r C
at

eg
or

ie
s

Diagnostic

Monitoring

Predictive

Prognostic

Pharmacodynamic

Safety

Susceptibility/Risk

/Response
Rx

Monitoring

Pharmacodynamic /Therapeutic Response

25

Assessment of Efficacy – Pre-cirrhotic NASH

NASH

Decompensation
& Death/OLT

NAFL

NASH F0-1

NASH F2

NASH F3

“High risk of Progression”

“Significant” Fibrosis

“Advanced” Fibrosis

Histology Endpoints for NASH Trials:
• Reversal of Steatohepatitis, with no 

worsening of fibrosis.
o Minimum 2-point improvement in 

NAS (with ≥1 point improvement in 
≥1 category)

o Resolution of NASH (with Ballooning 
0 & Inflammation 0-1)

• Improvement of Fibrosis, with no 
worsening of NASH.
o Minimum 1-point improvement of 

Fibrosis Stage

F4 Cirrhosis

‘Clinically Meaningful’ Outcomes

‘Likely Accepted’ Surrogates

‘Generally Accepted’ Surrogate

26
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Evidence to Support Fibrosis Biomarkers as Surrogate Endpoints

STELLAR3: Anstee et al, AASLD 2019.
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Baseline ELF (c-statistic 0.68) and LS by VCTE (0.71) more accurate for disease progression than fibrosis stage (0.58) 
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Direction of Change in NITs Appear More Consistent

All data are median relative change at W48 from BL.
1. Harrison SA, et al. Selonsertib for patients with bridging fibrosis or compensated cirrhosis 

due to NASH: Results from randomized phase III STELLAR trials. J Hepatol 2020;73:26-39.

exposures argue against this hypothesis. Third, pre-treatment
fibrosis in the patients studied in these trials may have been
too advanced and not amenable to regression during treatment
with selonsertib. Alternatively, ASK1 inhibition may be insuffi-
cient to impact fibrosis due to redundancy in other pathways
that mediate hepatocellular injury and fibrosis in NASH. In this
regard, while selonsertib monotherapy was not effective in these
populations, a beneficial effect on NASH in combination with
other agents with distinct mechanisms of action cannot be
excluded. The ongoing ATLAS trial (NCT03449446), which is
evaluating the safety and efficacy of various combinations of
NASH drugs, including selonsertib, in patients with advanced
fibrosis due to NASH, will address this hypothesis.

The rates of histologic response in the STELLAR trials are in
keeping with placebo responses in prior studies. Specifically,
fibrosis improvement without worsening of NASH was observed
in 11% and 13% of patients with bridging fibrosis and compen-
sated cirrhosis, respectively. Importantly, histologic fibrosis
improvement was not associated with significant changes in
relevant biomarkers including serum markers of fibrosis, liver
stiffness, or liver biochemistry tests (see below). These data
suggest that the observed histological fibrosis changes are likely
attributable to sampling error of liver biopsy and not true fibrosis
improvement. We also observed spontaneous reductions in he-
patic collagen content between baseline and week 48 in the
absence of a clear treatment effect, improvement in metabolic
parameters, weight loss, or reductions in biopsy quality
(Table S2). Similar observations were made in 2 prior controlled
trials of simtuzumab among patients with advanced fibrosis.17

We hypothesize that these findings reflect regression to the
mean, a phenomenon that occurs when study participants are

selected based on extreme values; in this case, advanced fibrosis
on liver biopsy.20

In light of these limitations of biopsy, data from the STELLAR
trials regarding the responsiveness of non-invasive markers of
fibrosis including the ELF score and liver stiffness by VCTE are
intriguing. Whereas fibrosis regression determined via biopsy
was associated with meaningful improvement only in other
histologic features (i.e. hepatic collagen content and a-SMA
expression), patients with reductions in ELF score or liver stiff-
ness by VCTE had consistent improvements across a range of
parameters including liver biochemistry, other fibrosis markers,
serum bile acids, glycemic indices, and CK18 (Fig. 3). In addition
to supporting the potential contribution of liver biopsy sampling
error to our findings (see above), these discordant observations
emphasize the need to validate non-invasive clinical trial end-
points that may more accurately reflect disease within the entire
liver compared with the limited assessment provided by liver
biopsy.

In addition to these data regarding fibrosis regression, the
STELLAR studies add to a growing body of literature regarding
the natural history of disease progression in patients with
advanced fibrosis due to NASH. Over 48 weeks, approximately
15% of patients with bridging fibrosis in the STELLAR-3 study
progressed to cirrhosis on biopsy, similar to findings from the
simtuzumab study (16%). However, the 3% incidence of liver-
related clinical events among patients with compensated
cirrhosis in the STELLAR-4 study is substantially lower than
among cirrhotic patients in the simtuzumab study (19% over 2
years). These findings are likely due to selection bias in the latter
study, which included patients with more advanced disease.
Specifically, whereas patients in STELLAR-4 were required to

Median relative (%)
change from baseline

Histologic fibrosis
Responders (n = 264) vs.

non-responders (n = 1279) p value

ELF (≥0.5 unit reduction)
Responders (n = 258) vs.
non-responders (n = 1325) p value 

Liver stiffness (≥25% reduction)
Responders (n = 297) vs.
non-responders (n = 787) p value 

Hepatic collagen <0.001 0.9150.666

α-SMA <0.001 0.3080.542

ELF <0.001<0.0010.036

Liver stiffness by FibroScan 0.074 <0.001<0.001

FIB-4 0.089 <0.001<0.001

APRI 0.306 <0.001<0.001

FibroTest 0.494 <0.001<0.001

ALT 0.430 <0.001<0.001

AST 0.206 <0.001<0.001

Alkaline phosphatase 0.237 <0.001<0.001

GGT 0.471 <0.001<0.001

Platelets 0.162 <0.001 0.600

Glucose 0.640 0.007<0.001

HOMA-IR 0.507 0.001<0.001

CK18 M30 0.526 <0.001<0.001

CK18 M65 0.806 <0.001<0.001

C-reactive protein 0.884 <0.001<0.001

Bile acids 0.210 <0.001<0.001

Weight 0.077 <0.001<0.001

Median % change from baselineMedian % change from baselineMedian % change from baseline

Responder Non-responder

-50 302010-10-20-30-40 0 -50 302010-10-20-30-40 0 -50 302010-10-20-30-40 0

Fig. 3. Associations between fibrosis regression and NIT responses with changes in other parameters. ELF responder defined as >−0.5-unit reduction. Liver
stiffness by VCTE responder defined as >−25% reduction. p values obtained from Wilcoxon rank-sum test comparing responders and non-responders. a-SMA,
alpha-smooth muscle actin; ALT, alanine aminotransferase; APRI, AST to platelet ratio index; AST, aspartate aminotransferase; ELF, Enhanced Liver Fibrosis; GGT,
gamma-glutamyltransferase; HOMA-IR, homeostasis model assessment of insulin resistance; NITs, non-invasive tests of fibrosis.

36 Journal of Hepatology 2020 vol. 73 j 26–39
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Meta-Thoughts on Response Biomarkers in NASH Drug Development

1. Rapidly attaining a NIT ‘response threshold’ is not a guarantee of early efficacy.

32

Fall in ALT Correlates with Histological Improvement

Data from subgroup analysis of FLINT Trial at 72-Weeks (n = 78)
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ALT decrease ≥17 U/L

ALT decrease <17 U/L OR (95%CI) Sens Spec PPV NPV
Steatosis 3.1 (1.2-7.8) 0.61 0.67 0.57 0.70
Lobular Inflammation 2.0 (0.8-5.0) 0.54 0.63 0.54 0.63
Portal Inflammation 0.8 (0.2-3.1) 0.40 0.54 0.11 0.86
Ballooning 3.2 (1.2-8.6) 0.64 0.64 0.46 0.79
Fibrosis 1.5 (0.5-4.7) 0.53 0.57 0.23 0.84

≥2 NAS Improvement
w/o fibrosis worsening 2.6 (0.9-7.2) 0.62 0.61 0.37 0.81
NASH Resolution 0.5 (0.1-2.0) 0.30 0.53 0.09 0.84

Predictive Value of ALT 
Reduction ≥ Threshold 17 IU/L

1. Loomba et al. Multicenter Validation of Association Between Decline in MRI-
PDFF and Histologic Response in NASH. Hepatology 2020;72:1219-1229.
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Fall in MRI-PDFF Correlates with Histological Improvement

1. Loomba et al. Multicenter Validation of Association Between Decline in MRI-
PDFF and Histologic Response in NASH. Hepatology 2020;72:1219-1229.

Data from subgroup analysis of FLINT Trial at 72-Weeks (n = 78)
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PDFF decrease ≥30%

PDFF decrease <30% OR (95%CI) Sens Spec PPV NPV
Steatosis 14.9 (3.8-57.7) 0.52 0.93 0.85 0.72
Lobular Inflammation 1.0 (0.4-2.8) 0.26 0.74 0.45 0.55
Portal Inflammation 1.3 (0.3-5.5) 0.30 0.75 0.15 0.88
Ballooning 2.9 (1.0-8.2) 0.40 0.81 0.50 0.74
Fibrosis 1.1 (0.3-3.8) 0.27 0.75 0.20 0.81

≥2 NAS Improvement
w/o fibrosis worsening 4.3 (1.4-12.8) 0.48 0.82 0.50 0.81
NASH Resolution 2.3 (0.5-8.6) 0.40 0.76 0.20 0.9

Predictive Value of Relative 
PDFF Reduction ≥ 30%

*

36

Fall in MRI-PDFF Correlates with Histological Improvement

1. Tamaki et al. Clinical utility of 30% relative decline in MRI-PDFF in predicting 
fibrosis regression in non-alcoholic fatty liver disease. 2022;71:983-990.

6 Tamaki N, et al. Gut 2021;0:1–8. doi:10.1136/gutjnl-2021-324264

Hepatology

noted. Compared with a previous study that demonstrated the 
significant association between change in liver stiffness and 
fibrosis regression,24 the baseline liver stiffness by MRE was 
lower in this study. Therefore, this study lacks the sensitivity to 
show improvements in MRE. We believe that a baseline MRE 
�����N3D��LQGLFDWLQJ�ILEURVLV�VWDJH�����ZRXOG�EH�QHHGHG�WR�WKHQ�
start seeing improvement. However, the number of patients with 
05(������N3D�LV�WRR�VPDOO�LQ�WKLV�VWXG\�WR�GRFXPHQW�UHJUHVVLRQ�
of fibrosis and draw meaningful conclusions regarding MRE.44 

Furthermore, liver stiffness reflects liver fibrosis, which is the 
accumulation of collagen fibre and elastic fibre.45 Since the 
accumulation of elastin fibre could cause the irreversibility of 
liver fibrosis, the amelioration of fibres may take longer than 
morphological change as assessed by liver biopsy.46 To evaluate 
the clinical significance of change in liver stiffness by MRE, espe-
cially decline in liver stiffness and fibrosis regression, a further 
long- term observational study with a large number of patients 
with high liver stiffness is necessary.

Strengths and limitations
The strengths of the study are that it enrolled prospectively 
recruited well- characterised patients with NAFLD. All partic-
ipants underwent a systematic and standardised liver disease 
assessment, and other causes of liver disease were systematically 
excluded. In addition, the number of patients was sufficient to 
YHULI\�WKH�VLJQLILFDQFH�RI������UHODWLYH�GHFOLQH�LQ�05,��3'))��
Baseline characteristics between patients with MRI- PDFF 
response and those with MRI- PDFF non- response were similar. 
This study population is representative of a tertiary care referral 
centre where patients were offered participation into clinical 
trials as well as natural history follow- up, providing a more 
generalisable and realistic estimate of these findings. The interval 
between biopsies in this study is 1.5 years; therefore, these data 
need to be validated over 5–10 years of follow- up. Furthermore, 
this proof- of- concept study needs to be validated in the setting 
of a treatment trial to better understand the diagnostic test char-
DFWHULVWLFV�RI������UHODWLYH�GHFOLQH�LQ�05,��3'))�DQG�ILEURVLV�
improvement in NASH.

Future implications
7KLV�VWXG\�GHPRQVWUDWHG�WKDW�D������UHODWLYH�GHFOLQH�LQ�05,��
3'))�ZDV�DVVRFLDWHG�ZLWK�ILEURVLV�UHJUHVVLRQ�LQ�1$)/'��$������
relative decline in MRI- PDFF may be used as a therapeutic target 
in clinical trials and, if validated, in NAFLD management in the 
future. Liver biopsy is currently the gold standard for assessing 
therapeutic efficacy, but repeated assessment is difficult. Iden-
tification of a non- invasive method for evaluating therapeutic 
effect has been a challenge in NAFLD clinical practice, and the 
UHVXOWV�RI�WKLV�VWXG\�VXJJHVW�WKDW������UHODWLYH�GHFOLQH�LQ�05,��
PDFF can be used as a potential surrogate marker for evaluating 
therapeutic effect in a NASH trial. The clinical significance 
RI������ UHODWLYH�GHFOLQH� LQ�05,��3'))�PD\�EH� LQIOXHQFHG� LQ�
either direction based on the mechanism of action of a drug. A 
�����UHODWLYH�GHFOLQH�LQ�05,��3'))�PD\�EH�XVHIXO�LQ�DVVHVVLQJ�
treatment response with agents that have a strong antisteatotic 
mechanism of action, but the number of patients of each drug is 
limited to analysis in subgroups, and this requires further inves-
tigation in comparative efficacy studies. Furthermore, observa-
tion periods may influence fibrosis regression and this point also 
needs further investigation. The ultimate goal of treatment in 
patients with NASH- related fibrosis is to prevent progression to 
cirrhosis, and reduction in hepatic decompensation, liver- related 
mortality and all- cause mortality. It is still unclear whether 
�����UHODWLYH�GHFOLQH�LQ�05,��3'))�LV�DVVRFLDWHG�ZLWK�UHGXFHG�
progression to cirrhosis, and reduction in hepatic decompensa-
tion, liver- related mortality and all- cause mortality. Therefore, 
large, multicentre, prospective studies are needed to validate the 
DVVRFLDWLRQ�EHWZHHQ������ UHODWLYH�GHFOLQH� LQ�05,��3'))� DQG�
fibrosis regression or prognosis.
,Q�VXPPDU\�������UHODWLYH�GHFOLQH�LQ�05,��3'))�LV�DVVRFLDWHG�

ZLWK�ILEURVLV�UHJUHVVLRQ��+HQFH�������UHGXFWLRQ�LQ�05,��3'))�
in early phase trials can provide a useful estimate of odds of 

Figure 2 Association between MRI- PDFF response and histological 
response. (A) Association between MRI- PDFF response and change in 
fibrosis stage. (B) Association between MRI- PDFF response and change 
in NAS. MRI- PDFF response is defined as ≥30% relative decline in MRI- 
PDFF. NAFLD, non- alcoholic fatty liver disease; NAS, Non- Alcoholic Fatty 
Liver Disease Activity Score; PDFF, proton density fat fraction.

Table 3 Association between histological response and ≥30% 
relative decline in MRI- PDFF

Histological response 
(≥1 point/stage 
decrease)

Relative decline in MRI- 
PDFF

≥30% vs <30% relative decline in 
MRI- PDFF

≥30% 
(n=25), %

<30% 
(n=75), % OR 95% CI P value

Steatosis 64 32 3.78 1.5 to 9.8 0.006

Lobular inflammation 44 24 2.49 0.9 to 6.4 0.06

Ballooning 56 41 1.81 0.7 to 4.5 0.2

NAS response* 60 24 4.75 1.8 to 12 0.001

Fibrosis† 50 21 3.75 1.2 to 12 0.03

*NAS response is defined as ≥2 points improvement in NAS with no worsening of fibrosis.
†Fibrosis response limits to patients with fibrosis stage 1–4 at baseline.
NAS, Non- Alcoholic Fatty Liver Disease Activity Score; PDFF, proton density fat fraction.
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noted. Compared with a previous study that demonstrated the 
significant association between change in liver stiffness and 
fibrosis regression,24 the baseline liver stiffness by MRE was 
lower in this study. Therefore, this study lacks the sensitivity to 
show improvements in MRE. We believe that a baseline MRE 
�����N3D��LQGLFDWLQJ�ILEURVLV�VWDJH�����ZRXOG�EH�QHHGHG�WR�WKHQ�
start seeing improvement. However, the number of patients with 
05(������N3D�LV�WRR�VPDOO�LQ�WKLV�VWXG\�WR�GRFXPHQW�UHJUHVVLRQ�
of fibrosis and draw meaningful conclusions regarding MRE.44 

Furthermore, liver stiffness reflects liver fibrosis, which is the 
accumulation of collagen fibre and elastic fibre.45 Since the 
accumulation of elastin fibre could cause the irreversibility of 
liver fibrosis, the amelioration of fibres may take longer than 
morphological change as assessed by liver biopsy.46 To evaluate 
the clinical significance of change in liver stiffness by MRE, espe-
cially decline in liver stiffness and fibrosis regression, a further 
long- term observational study with a large number of patients 
with high liver stiffness is necessary.

Strengths and limitations
The strengths of the study are that it enrolled prospectively 
recruited well- characterised patients with NAFLD. All partic-
ipants underwent a systematic and standardised liver disease 
assessment, and other causes of liver disease were systematically 
excluded. In addition, the number of patients was sufficient to 
YHULI\�WKH�VLJQLILFDQFH�RI������UHODWLYH�GHFOLQH�LQ�05,��3'))��
Baseline characteristics between patients with MRI- PDFF 
response and those with MRI- PDFF non- response were similar. 
This study population is representative of a tertiary care referral 
centre where patients were offered participation into clinical 
trials as well as natural history follow- up, providing a more 
generalisable and realistic estimate of these findings. The interval 
between biopsies in this study is 1.5 years; therefore, these data 
need to be validated over 5–10 years of follow- up. Furthermore, 
this proof- of- concept study needs to be validated in the setting 
of a treatment trial to better understand the diagnostic test char-
DFWHULVWLFV�RI������UHODWLYH�GHFOLQH�LQ�05,��3'))�DQG�ILEURVLV�
improvement in NASH.

Future implications
7KLV�VWXG\�GHPRQVWUDWHG�WKDW�D������UHODWLYH�GHFOLQH�LQ�05,��
3'))�ZDV�DVVRFLDWHG�ZLWK�ILEURVLV�UHJUHVVLRQ�LQ�1$)/'��$������
relative decline in MRI- PDFF may be used as a therapeutic target 
in clinical trials and, if validated, in NAFLD management in the 
future. Liver biopsy is currently the gold standard for assessing 
therapeutic efficacy, but repeated assessment is difficult. Iden-
tification of a non- invasive method for evaluating therapeutic 
effect has been a challenge in NAFLD clinical practice, and the 
UHVXOWV�RI�WKLV�VWXG\�VXJJHVW�WKDW������UHODWLYH�GHFOLQH�LQ�05,��
PDFF can be used as a potential surrogate marker for evaluating 
therapeutic effect in a NASH trial. The clinical significance 
RI������ UHODWLYH�GHFOLQH� LQ�05,��3'))�PD\�EH� LQIOXHQFHG� LQ�
either direction based on the mechanism of action of a drug. A 
�����UHODWLYH�GHFOLQH�LQ�05,��3'))�PD\�EH�XVHIXO�LQ�DVVHVVLQJ�
treatment response with agents that have a strong antisteatotic 
mechanism of action, but the number of patients of each drug is 
limited to analysis in subgroups, and this requires further inves-
tigation in comparative efficacy studies. Furthermore, observa-
tion periods may influence fibrosis regression and this point also 
needs further investigation. The ultimate goal of treatment in 
patients with NASH- related fibrosis is to prevent progression to 
cirrhosis, and reduction in hepatic decompensation, liver- related 
mortality and all- cause mortality. It is still unclear whether 
�����UHODWLYH�GHFOLQH�LQ�05,��3'))�LV�DVVRFLDWHG�ZLWK�UHGXFHG�
progression to cirrhosis, and reduction in hepatic decompensa-
tion, liver- related mortality and all- cause mortality. Therefore, 
large, multicentre, prospective studies are needed to validate the 
DVVRFLDWLRQ�EHWZHHQ������ UHODWLYH�GHFOLQH� LQ�05,��3'))� DQG�
fibrosis regression or prognosis.
,Q�VXPPDU\�������UHODWLYH�GHFOLQH�LQ�05,��3'))�LV�DVVRFLDWHG�

ZLWK�ILEURVLV�UHJUHVVLRQ��+HQFH�������UHGXFWLRQ�LQ�05,��3'))�
in early phase trials can provide a useful estimate of odds of 

Figure 2 Association between MRI- PDFF response and histological 
response. (A) Association between MRI- PDFF response and change in 
fibrosis stage. (B) Association between MRI- PDFF response and change 
in NAS. MRI- PDFF response is defined as ≥30% relative decline in MRI- 
PDFF. NAFLD, non- alcoholic fatty liver disease; NAS, Non- Alcoholic Fatty 
Liver Disease Activity Score; PDFF, proton density fat fraction.

Table 3 Association between histological response and ≥30% 
relative decline in MRI- PDFF

Histological response 
(≥1 point/stage 
decrease)

Relative decline in MRI- 
PDFF

≥30% vs <30% relative decline in 
MRI- PDFF

≥30% 
(n=25), %

<30% 
(n=75), % OR 95% CI P value

Steatosis 64 32 3.78 1.5 to 9.8 0.006

Lobular inflammation 44 24 2.49 0.9 to 6.4 0.06

Ballooning 56 41 1.81 0.7 to 4.5 0.2

NAS response* 60 24 4.75 1.8 to 12 0.001

Fibrosis† 50 21 3.75 1.2 to 12 0.03

*NAS response is defined as ≥2 points improvement in NAS with no worsening of fibrosis.
†Fibrosis response limits to patients with fibrosis stage 1–4 at baseline.
NAS, Non- Alcoholic Fatty Liver Disease Activity Score; PDFF, proton density fat fraction.
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Analysis of 100 NAFLD cases undergoing paired liver biopsy and MRI-PDFF 1.4 (0.6–2.9) years apart.
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MRI-PDFF response (≥30%) was an independent predictor of fibrosis regression with an adjusted OR of 6.46 (95% CI 1.1 to 37.0, p=0.04). 

6 Tamaki N, et al. Gut 2021;0:1–8. doi:10.1136/gutjnl-2021-324264
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Dissociation of NIT Response Thresholds and Histology in Short-Term Trials

1. Harrison et al. NGM282 Improves Liver Fibrosis and Histology in 12 Weeks in 
Patients With Nonalcoholic Steatohepatitis. Hepatology 2020;71:1198-1212.

HEPATOLOGY, Vol. 0, No. 0, 2019 HARRISON ET AL.

11

with NGM282 3 mg than historical placebo control 
(−0.5 versus −0.04, −2.3 versus −0.7, −1.1 versus −0.4, 
−0.7 versus −0.2, and −0.5 versus −0.2 for fibrosis, 
NAS, steatosis, ballooning, and inflammation scores, 
respectively).

Furthermore, we show that NGM282 produced 
rapid and sustained improvement in liver imaging 

parameters, potent target engagement as demon-
strated by decreases in C4 and bile acids, and signifi-
cant reductions in ALT, AST, and noninvasive serum 
fibrosis biomarkers (Pro-C3 and ELF score). At pres-
ent, liver biopsy, however imperfect due to its invasive 
and heterogeneous nature, remains a valuable end-
point in NASH trial design and approval. Although 

FIG. 6. Change in key parameters in histological responders and nonresponders in the NGM282 3 mg group. (A) Pro-C3. (B) 
ELF score. (C) cT1. (D) Liver fat content by MRI-PDFF. (E) C4. (F) ALT. Histological response is defined as 2-point or greater 
improvement in NAS without worsening of fibrosis or improvement in fibrosis of one stage or more without worsening of NASH 
(defined as no increase in NAS for ballooning, inf lammation, or steatosis). Shown are mean ± SEM; P values by one-sample t test. 
Abbreviations: BL, baseline; W, week.

Histological Improvement: ≥2 NAS improvement w/o fibrosis worsening OR ≥1 fibrosis improvement w/o NASH worsening 
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−0.7 versus −0.2, and −0.5 versus −0.2 for fibrosis, 
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(defined as no increase in NAS for ballooning, inf lammation, or steatosis). Shown are mean ± SEM; P values by one-sample t test. 
Abbreviations: BL, baseline; W, week.

In short duration studies improvement in ALT and/or PDFF may not correlate with meaningful change in disease state.

Comparison of changes in ALT & MRI-PDFF in patients with/without histological NAS/Fibrosis improvement

38

Meta-Thoughts on Response Biomarkers in NASH Drug Development

1. Rapidly attaining a NIT ‘response threshold’ is not a guarantee of early efficacy.

2. Interpret changes in ‘Simple Panels’ (APRI, FIB4, NFS) with caution.
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Rapid Changes From Baseline in ALT and AST
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with placebo (appendix p 11). GGT levels declined 
rapidly and were generally stable after month 3 (change 
at month 18: 1% increase for the placebo group, 
24% decrease for the obeticholic acid 10 mg group, and 
38% decrease for the obeticholic acid 25 mg group; 
figure 4). Increases in ALP were observed with obeticholic 
acid treatment, but levels remained below the ULN 
throughout the study period (change at month 18: 
1% decrease for the placebo group, 9% increase for 
the obeticholic acid 10 mg group, and 20% increase for 
the obeticholic acid 25 mg group; figure 4).

Additionally, treatment with obeticholic acid resulted 
in a dose-dependent decrease in bodyweight at month 18 
(mean change from baseline –0·7 kg [SE 0·4] for the 

placebo group, –1·8 kg [0·4] for the obeticholic acid 
10 mg group, and –2·2 kg [0·3] for the obeticholic acid 
25 mg group).

1968 patients were included in the safety population, 
comprised of fibrosis stage F1 (290 [15%] patients), 
stage F2 (698 [35%]), and stage F3 (980 [50%]; figure 1). 
The duration of exposure was generally similar across 
treatment groups. Overall, treatment-emergent adverse 
events occurred in 548 (83%) patients in the placebo 
group, 579 (89%) in the obeticholic acid 10 mg group, 
and 601 (91%) in the obeticholic acid 25 mg group 
(table 3). Most treatment-related adverse events were of 
mild or moderate severity (table 3). The frequency of 
serious adverse events was similar across treatment 
groups (11–14%) and no single serious adverse event 
occurred in more than 1% of patients in any treatment 
group (table 3). The most frequent adverse event was 
pruritus (table 3). The incidence of pruritus was highest 
during the first 3 months of treatment with obeticholic 
acid, and generally mild to moderate in severity. 
Treatment discontinuation due to pruritus occurred in 
five (<1%) patients in the placebo group, five (<1%) in 
the obeticholic acid 10 mg group, and 57 (9%) in the 
obeticholic acid 25 mg group. Of the 57 patients in the 
obeticholic acid 25 mg group who discontinued due to 
pruritus, 36 discontinuations were protocol mandated 
based on the investigator-assessed grade of the event.

In patients receiving obeticholic acid, LDL cholesterol 
increased by month 1 (mean change from baseline 
–3·0 mg/dL [SE 0·9] in the placebo group, 17·8 mg/dL 
[1·0] in the obeticholic acid 10 mg group, and 
23·8 mg/dL [1·1] in the obeticholic acid 25 mg group) 
and decreased thereafter, approaching baseline by 
month 18 (mean change from baseline –7·1 mg/dL [1·7] 
for the placebo group, 1·4 mg/dL [2·0] for the obeticholic 
acid 10 mg group, and 2·7 mg/dL [2·1] for the obeticholic 
acid 25 mg group; appendix p 12). 380 patients started 
statin therapy during the study (66 in the placebo group, 
155 in the obeticholic acid 10 mg group, and 159 in the 
obeticholic acid 25 mg group). Among obeticholic acid-
treated patients who initiated statins, the initial LDL 
cholesterol increases reversed to below baseline levels as 
of month 6 and were sustained through month 18 
(appendix p 13). There was no clear pattern of fibrosis 
improvement by statin use. Levels of HDL cholesterol 
showed dose-dependent decreases by month 1 (mean 
change from baseline –0·7 mg/dL [0·2] in the placebo 
group, –1·8 mg/dL [0·2] in the obeticholic acid 10 mg 
group, and –4·6 mg/dL [0·3] in the obeticholic acid 
25 mg group) and were sustained through month 18; 
mean HDL cholesterol remained within the normal 
limit (>40 mg/dL) at all timepoints (appendix p 12). 
Changes in total cholesterol over time were similar to 
those for LDL cholesterol (appendix p 12). A dose-
dependent decrease in triglycerides was observed by 
month 1 in the obeticholic acid groups, with levels 
continuing to decline with a maximum mean change 

Figure 3: Regression or progression of fibrosis by at least one stage in the 
per-protocol population
The proportion of patients with improved or worsened fibrosis by at least 
one stage is shown for the 656 patients in the per-protocol population with 
available fibrosis stage data at month 18 or end of treatment.
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Figure 4: Changes in liver biochemistry over time in the ITT population
Mean values of change from baseline up to month 18 are shown for patients from each treatment group in the 
ITT population, with vertical bars indicating SEs. ALP=alkaline phosphatase; ALT=alanine aminotransferase. 
AST=aspartate aminotransferase. GGT=γ-glutamyl transferase. ITT=intention to treat. ULN=upper limit of normal.
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with placebo (appendix p 11). GGT levels declined 
rapidly and were generally stable after month 3 (change 
at month 18: 1% increase for the placebo group, 
24% decrease for the obeticholic acid 10 mg group, and 
38% decrease for the obeticholic acid 25 mg group; 
figure 4). Increases in ALP were observed with obeticholic 
acid treatment, but levels remained below the ULN 
throughout the study period (change at month 18: 
1% decrease for the placebo group, 9% increase for 
the obeticholic acid 10 mg group, and 20% increase for 
the obeticholic acid 25 mg group; figure 4).
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(mean change from baseline –0·7 kg [SE 0·4] for the 
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10 mg group, and –2·2 kg [0·3] for the obeticholic acid 
25 mg group).

1968 patients were included in the safety population, 
comprised of fibrosis stage F1 (290 [15%] patients), 
stage F2 (698 [35%]), and stage F3 (980 [50%]; figure 1). 
The duration of exposure was generally similar across 
treatment groups. Overall, treatment-emergent adverse 
events occurred in 548 (83%) patients in the placebo 
group, 579 (89%) in the obeticholic acid 10 mg group, 
and 601 (91%) in the obeticholic acid 25 mg group 
(table 3). Most treatment-related adverse events were of 
mild or moderate severity (table 3). The frequency of 
serious adverse events was similar across treatment 
groups (11–14%) and no single serious adverse event 
occurred in more than 1% of patients in any treatment 
group (table 3). The most frequent adverse event was 
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acid, and generally mild to moderate in severity. 
Treatment discontinuation due to pruritus occurred in 
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the obeticholic acid 10 mg group, and 57 (9%) in the 
obeticholic acid 25 mg group. Of the 57 patients in the 
obeticholic acid 25 mg group who discontinued due to 
pruritus, 36 discontinuations were protocol mandated 
based on the investigator-assessed grade of the event.
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increased by month 1 (mean change from baseline 
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[1·0] in the obeticholic acid 10 mg group, and 
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for the placebo group, 1·4 mg/dL [2·0] for the obeticholic 
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acid 25 mg group; appendix p 12). 380 patients started 
statin therapy during the study (66 in the placebo group, 
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change from baseline –0·7 mg/dL [0·2] in the placebo 
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25 mg group) and were sustained through month 18; 
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month 1 in the obeticholic acid groups, with levels 
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placebo. TIMP-1 is a downstream marker of fibrogenic 
signalling. We noted significant reductions in TIMP-1 
in the NGM282 3 mg group and 6 mg group (p=0·01) 
compared with the placebo group (p=0·02). We noted 
reductions in enhanced liver fibrosis (ELF) score from 
baseline to week 12 in participants given 3 mg NGM282 
compared with those in the placebo group (table 3).

We recorded no significant placebo-adjusted changes 
from baseline to week 12 for the NGM282 groups in 
metabolic factors including glucose, HbA1c, insulin, 
HOMA-IR, or waist circumference (all p>0∙05). 
Patients in the 6 mg NGM282 group reported 
significant reductions in weight and BMI compared 
with placebo (table 3), but the reductions in liver fat 
content were independent of weight loss and BMI.

Six (22%) of 27 patients in the 3 mg dose group and 
seven (25%) of 28 in the 6 mg dose group tested positive 
for antidrug antibodies; only three patients had titres 
above background (one patient from the NGM282 3 mg 
cohort had a titre of 1:22, two patients from the 6 mg 
cohort had titres of 1:18 and 1:23, respectively). Titres 
were low in the remaining ten patients (all with a titre 
of 1:3), which were considered background levels 
because a titre of 1:3 was also detected in two patients 
in the placebo group. Absolute liver fat content changed 
from 26·9% at baseline to 14·0% at end of treatment 
for the patient with a titre of 1:22 in the 3 mg cohort, 

from 15·0% to 7·0% for the patient with a titre of 1:18 in 
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patient with a titre of 1:23 in the 6 mg cohort. The 
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and 46·9 ng/mL at end of treatment in these three 
patients, respectively. None of the antidrug antibodies 
tested positive for neutralising activity against FGF19.
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adverse event, most of which were grade 1 (55 [67%]), 
and only five (6%) experienced adverse events that were 
grade 3 or worse. The most commonly (≥10%) re-
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adverse events were reported more frequently in the 
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related adverse events occurred in 60 patients; the 
majority of which were mild (grade 1/2; table 4). 
Two (7%) patients in the 3 mg dose group had 
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Figure S6. Mean and absolute changes from baseline in liver enzymes, lipid profile and HBA1c 
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Rapid falls in ALT and AST often occur within the first month of therapy – and then plateau through Week 24+  

Drops in ‘Simple Panels’ (FIB4, APRI, etc) are likely to be driven by this process, not fibrosis regression.
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Meta-Thoughts on Response Biomarkers in NASH Drug Development

1. Rapidly attaining a NIT ‘response threshold’ is not a guarantee of early efficacy.

2. Interpret changes in ‘Simple Panels’ (APRI, FIB4, NFS) with caution.

3. In the absence of a single ‘gold standard’ biomarker, undertake a wholistic 
assessment of biomarker response and demonstrate change at the patient level.

41
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Wholistic Assessment of Biomarker Response

)LEURVLV�UHVSRQVH�DVVHVVHG�E\�HQKDQFHG�OLYHUࢉ�EURVLV�DQG�)LEUR6FDQ�OLYHU�VWLࢆQHVV�PHDVXUHPHQW�LQ�
SDWLHQWV�ZLWK�QRQ�DOFRKROLF�VWHDWRKHSDWLWLV�WUHDWHG�ZLWK�VXEFXWDQHRXV�VHPDJOXWLGH�
Quentin M. Anstee1ಯ�-DFRE�*HRUJH2ಯ�0HWWH�6NDOVKºL�.M¨U3ಯ�6WHHQ�/DGHOXQG3ಯ�/RXLVH�0ರ�1LW]H3ಯ�9ODG�5DW]LX4, Adriana Rendon3ಯ�9LQFHQW�:RQJ5ಯ�$QMD�*HHUWV6ಯ�3KLOLS�1ರ�1HZVRPH7

Aims

Methods

• $VVHVVPHQW�RI�OLYHUࢉ�EURVLV�LQ�FOLQLFDO�WULDOV�
UHOLHV�SULPDULO\�RQ�ELRSV\�DVVHVVHG�E\�KLVWRORJ\��
KRZHYHUಯ�WKLV�DSSURDFK�LV�DVVRFLDWHG�ZLWK�VRPH�
OLPLWDWLRQVರ�1RQ�LQYDVLYH�PHWKRGV�WKDW�FRXOG�
UHSODFH�OLYHU�ELRSV\�DQG�KHOS�PRQLWRUࢉ�EURVLV�
UHVSRQVH�DUH�QHHGHGರ1

• )LEURVLV�UHVSRQVH�LQ�SDWLHQWV�ZLWK�QRQ�DOFRKROLF 
VWHDWRKHSDWLWLV��1$6+��WUHDWHG�ZLWK�
VXEFXWDQHRXV�VHPDJOXWLGH�ZDV�FRPSDUHG�
XVLQJ�HQKDQFHG�OLYHUࢉ�EURVLV��(/)��VFRUHಯ�
)LEUR6FDQ�OLYHU�VWLࢆQHVV�PHDVXUHPHQW��/60��
DQG�KLVWRORJ\�DVVHVVPHQWರ

• $W�ZHHN�ಸಳಯ�IHZHU�SDWLHQWV�LQ�WKH�VHPDJOXWLGH�ಱರವ�PJ�DUP�KDGࢉ�EURVLV�SURJUHVVLRQಯ�
DV�DVVHVVHG�E\�(/)��ಷರಸ��YV�ಳ಴ರಱ���S಼ಱರಱಲ��DQG�/60��ಲಱರ಺��YV�಴ವರ಺���S಼ಱರಱಱಳ�ಯ�
VXSSRUWLQJ�WKH�KLVWRORJLFDO�UHVXOW��ಶರಹ��YV�ಳಲರವ���S಼ಱರಱಱ಺���Figure 1�ರ

• $W�ZHHN�ಸಳಯ�FRPSDUHG�ZLWK�SODFHERಯ�PRUH�SDWLHQWV�LQ�WKH�VHPDJOXWLGH�ಱರವ�PJ�DUP�
KDGࢉ�EURVLV�LPSURYHPHQW�DV�DVVHVVHG�E\�(/)��ಶವರಳ��YV�ಳಲರಷ�ಯ�S಻ಱರಱಱಲ��DQG�/60�
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• $W�ZHHN�ಸಳಯ�WKH�SURSRUWLRQ�RI�SDWLHQWV�ZLWKࢉ�EURVLV�LPSURYHPHQW�LQ�DW�OHDVW�RQH�
DVVHVVPHQW��KLVWRORJ\ಯ�(/)�DQG�/60��ZDV�಺಴���಴ಸ�RI�ವಱ�SDWLHQWV��LQ�WKH� 
VHPDJOXWLGH�ಱರವ�PJ�JURXS�DQG�ಶ಴���ಳಲ�RI�ವಱ�SDWLHQWV��LQ�WKH�SODFHER�JURXS� 
�S಻ಱರಱಱಲ���Figure 2�ರ

• 7KLV�ZDV�D�SRVW�KRF�DQDO\VLV�RI�WKH�ಸಳ�ZHHN�
SKDVH�ಳ�WULDO��1&7ಱಳ಺ಸಱ಺ವಳ�2�RI�RQFH�GDLO\�
VXEFXWDQHRXV�VHPDJOXWLGH��ಱರಲಯ�ಱರಳ�RU�ಱರವ�PJ��
YV�SODFHER�RQ�1$6+�UHVROXWLRQ�LQ�಴ಳಱ�SDWLHQWV�
ZLWK�1$6+�DQGࢉ�EURVLV�VWDJH�)ಲȁ)಴ಯ�ZKLFK�
VKRZHG�VLJQLࢉFDQW�1$6+�UHVROXWLRQ�DQG�D� 
QRQ�VLJQLࢉFDQW�WUHQG�IRUࢉ�EURVLV�LPSURYHPHQW�
ZLWK�VHPDJOXWLGH�ಱರವ�PJ�YV�SODFHERರ

• )LEURVLV�LPSURYHPHQW�RU�SURJUHVVLRQ�ZDV�
FDWHJRULVHG�XVLQJ�(/)��GHFUHDVH�RU�LQFUHDVH� 
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RI�೎�ಲ�VWDJH��DW�EDVHOLQH�DQG�DW�ZHHN�ಸಳರ�
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Conclusions
• 7UHDWPHQW�ZLWK�VHPDJOXWLGH�IRU�ಸಳ�ZHHNV�
UHGXFHGࢉ�EURVLV�SURJUHVVLRQ�PHDVXUHG�E\�
KLVWRORJ\�DV�ZHOO�DV�(/)�DQG�/60ರ

• 7UHDWPHQW�ZLWK�VHPDJOXWLGH�IRU�ಸಳ�ZHHNV�
LQFUHDVHG�WKH�SURSRUWLRQ�RI�VXEMHFWV�
ZLWK�KLVWRORJLFDOࢉ�EURVLV�LPSURYHPHQW�LQ�
FRPELQDWLRQ�ZLWK�HLWKHU�(/)ಯ�/60�RU�ERWKರ��

• (/)�DQG�/60�PD\�PHDVXUH�GLࢆHUHQW�DVSHFWV�
RIࢉ�EURVLVಯ�DQG�IXUWKHU�VWXGLHV�DUH�QHHGHG�
WR�XQGHUVWDQG�WKH�YDOLGLW\�RI�WKHVH�WHVWV�DV�
VXUURJDWH�HQGSRLQWV�IRUࢉ�EURVLV�VWDWXVರ�

6HPDJOXWLGH�UHGXFHVࢉ�EURVLV�SURJUHVVLRQ 
PHDVXUHG�E\�KLVWRORJ\ಯ�(/)�DQG�)LEUR6FDQ�/60
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Aims

Methods

• $VVHVVPHQW�RI�OLYHUࢉ�EURVLV�LQ�FOLQLFDO�WULDOV�
UHOLHV�SULPDULO\�RQ�ELRSV\�DVVHVVHG�E\�KLVWRORJ\��
KRZHYHUಯ�WKLV�DSSURDFK�LV�DVVRFLDWHG�ZLWK�VRPH�
OLPLWDWLRQVರ�1RQ�LQYDVLYH�PHWKRGV�WKDW�FRXOG�
UHSODFH�OLYHU�ELRSV\�DQG�KHOS�PRQLWRUࢉ�EURVLV�
UHVSRQVH�DUH�QHHGHGರ1

• )LEURVLV�UHVSRQVH�LQ�SDWLHQWV�ZLWK�QRQ�DOFRKROLF 
VWHDWRKHSDWLWLV��1$6+��WUHDWHG�ZLWK�
VXEFXWDQHRXV�VHPDJOXWLGH�ZDV�FRPSDUHG�
XVLQJ�HQKDQFHG�OLYHUࢉ�EURVLV��(/)��VFRUHಯ�
)LEUR6FDQ�OLYHU�VWLࢆQHVV�PHDVXUHPHQW��/60��
DQG�KLVWRORJ\�DVVHVVPHQWರ
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DV�DVVHVVHG�E\�(/)��ಷರಸ��YV�ಳ಴ರಱ���S಼ಱರಱಲ��DQG�/60��ಲಱರ಺��YV�಴ವರ಺���S಼ಱರಱಱಳ�ಯ�
VXSSRUWLQJ�WKH�KLVWRORJLFDO�UHVXOW��ಶರಹ��YV�ಳಲರವ���S಼ಱರಱಱ಺���Figure 1�ರ

• $W�ZHHN�ಸಳಯ�FRPSDUHG�ZLWK�SODFHERಯ�PRUH�SDWLHQWV�LQ�WKH�VHPDJOXWLGH�ಱರವ�PJ�DUP�
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VKRZHG�VLJQLࢉFDQW�1$6+�UHVROXWLRQ�DQG�D� 
QRQ�VLJQLࢉFDQW�WUHQG�IRUࢉ�EURVLV�LPSURYHPHQW�
ZLWK�VHPDJOXWLGH�ಱರವ�PJ�YV�SODFHERರ
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RIࢉ�EURVLVಯ�DQG�IXUWKHU�VWXGLHV�DUH�QHHGHG�
WR�XQGHUVWDQG�WKH�YDOLGLW\�RI�WKHVH�WHVWV�DV�
VXUURJDWH�HQGSRLQWV�IRUࢉ�EURVLV�VWDWXVರ�
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1. Anstee et al, Fibrosis response assessed by enhanced liver fibrosis and FibroScan liver stiffness measurement 
in patients with non-alcoholic steatohepatitis treated with subcutaneous semaglutide. EASL 2021.
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Meta-Thoughts on Response Biomarkers in NASH Drug Development

1. Rapidly attaining a NIT ‘response threshold’ is not a guarantee of early efficacy.

2. Interpret changes in ‘Simple Panels’ (APRI, FIB4, NFS) with caution.

3. In the absence of a single ‘gold standard’ biomarker, undertake a wholistic 
assessment of biomarker response and demonstrate change at the patient level.

4. We should agree and define a common set of biomarkers that will be measured 
and reported in all future clinical trials. 
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Conclusions
• A range of tractable biomarkers are available to support drug development in NASH. 

• When considering the use of biomarkers in drug development, it is essential to consider the specific 
Context of Use (and population/setting) that is being addressed. 

• There remains a need for more sensitive and specific, independently validated and qualified 
biomarkers for use in NAFLD drug development. 

• Progress to date: 
1. Diagnostic CoU: LITMUS and NIMBLE are bringing clarity and objectivity to biomarker 

performance – still room for innovation to identify better biomarkers. 
2. Pharmacodynamic/Response CoU: remains an area where there is a lack of consistency but 

the RCTs to date have helped generate important data to support biomarker utility. 
We are now better placed to build consensus and standardise NIT selection and the 
consistency of NIT reporting as study endpoints to support NASH drug development. 

3. Surrogacy potential: It is notable that there is an expanding dataset to demonstrate that 
fibrosis biomarkers have prognostic value and change with progression/regression of disease, 
potentially with greater inter-test consistency than histology. 
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